>-M(C  584  EVALUHTION  OF  THE  FEflSIBILITV  OF  COHSOLIMTINO  REMOTE 
.  ELECTROHflONETIC  RRO. .  <U>  ARINC  RESEARCH  CORF  ANNAPOLIS 
HD  0  SHANN  ET  AL.  APR  84  1378-81-12-3265 
UNCLASSIFIED  D0T/'FAA7ES-83/ll  DTFA81-88-C-18S3B  F/0  28/14 


DOT/FAA/ES-83/11 


i  U.S.  Department  of  TmiMportation 
FederalAviationArfcninistration.  AES'S  10 
800  IndepeiKience  Ave..  NW 
!  Washington.  O.C.  20591 
j  under  Contract  0TFA01*80<?- 10030 


s 

in 


CO 

CO 


< 

< 


>- 

o. 

o 

o 


EVALUATION  OF  THE 
FEASIBILITY  OF  CON¬ 
SOLIDATING  REMQTE 
ELECTROMAGNETIC 
RADIATING  FACILITIES 


Dana  Swann 
George  Boring 


U.8.  DOT  UBROStnak  SEOnWI 
»AA  BLDG..  BODM  030 

qidepbmdbnce  AVEJIUB  8.W* 

1UJBINQX0N»D.0>  SOCdl  ^ 


DTIC 

£LECTE 

APR09BB6 


April  1984 
Final  Report 


This  document  is  available  to  the  U.S.  public 
through  the  National  Technical  Information 
Service,  Springfield,  Virginia  22161. 


O 


DISTMB^ON  SThfrJ ’ 


Approved  lot  public 

DWtiihution  Unlixuited  i 


UlS  Oeponmenf  of  Transponation 

Fatferul  Aviation  Administration 


rsHKii 


*  ^ 


^  O 


-V"'.  . 


-N.VwV 


ii 


86  4  8  O5 


••  R»ort  No. 

DOT/FAA/ES-83/11 


4.  Titl.  «md  Subtill. 

Evaluation  of  the  Feasibility  of  Consolidating. 
Remote  Electromagnetic  Radiating  Facilities 


' .  Aotlior^  t) 

0.  Swann  and  G.  Boring 


9.  Porfonoing  Orgvii  lotion  Nono  ond  Addfois 

ARINC  Research  Corporation 
a  Subsidiary  of  Arinc  Incorporated 
2551  Riva  Road 
Annapolis,  Maryland  21401 


12.  S.«ttaring  Agmcy  Noi..  atJ  Addr..m 

U.S.  Department  of  Transportation 
Federal  Aviation  Administration,  AES-510 
800  Independence  Avenue,  N.W. 

Washington,  D.C.  20591 


Technical  Roport  Oocumantation  Pag* 


3.  Roctfiont’s  Cotoiof  No. 


5.  Roooft  Ooto 

April  1984 


6.  Pvforming  OrganitaHon  Cod» 


>0.  Work  Unit  Na.  (TRAIS) 


1 1 .  Controet  or  vront  No. 


DTFA  01-80-C-10030 


13.  Typ.  ot  Rnpnrt  ntd  Pariod  Cavarad 

Final  Report 


Id.  Span.aring  Aganey  Cada 


16.  Abtttael 


This  report  presents  the  results  of  a  quick-look  analysis  of  the  technical 
feasibility  of  the  consolidation  of  air  traffic  control  communications  and 
navigation  facilities.  The  computer  model  used  in  this  analysis  was 
developed  by  ARINC  Research  Corporation. 


_,«^t/10ASECnO» 


17.  Kay  Ward! 

Consolidation 

Collocation 

Intermodulation 


IB.  Oittttbutian  Statwnwit 

This  document  is  availcible  to  the  public 
through  the  National  Technical  Informa¬ 
tion  Service,  Springfield,  Virginia  22161 


19.  $#ewnfy  Clotsif.  diis  r#por#) 


Security  (ol  this  po9*) 

UNCLASSIFIED 


21.  Na,  el  Pag.*  22.  P 


UNCLASSIFIED 

Farm  DOT  F  1700.7  (*-72) 


Rapreduction  o<  eomplatad  paga  awthariiad 


200 


METRIC  CONVERSION  FACTORS 


ACKN0WLEIX3MENTS 


Appreciation  is  expressed  to  Mr.  Ed  Corini  for  his  vision  of  the 
original  concept  of  this  study.  Successful  completion  of  this  project 
could  not  have  been  achieved  without  the  continued  support  of  key  FAA 
personnel,  including  Mr.  Manuel  Gonzalez  and  Mr.  George  Sakai  of  Systems 
Engineering  Service.  Their  efforts  assured  compilation  of  accurate  data 
pertinent  to  this  project.  Their  perspective  on  the  FAA's  present  and 
future  plana  for  the  collocation  of  air-ground  facilities  was  invaluable 
in  understanding  the  issues  in  this  study  in  the  context  of  the  whole 
National  Airspace  System  (NAS)  Plan. 


Accesion  For  \ 

NTIS  CRA&I  v) 

DTIC  TAB  □ 

Unannouttced  □ 

Justificattori 

By . 

Di:>t  ibution  / 

— 

Availability  Codes 

Spc'Cial 


SUMMARY 


-  ( 

A  critical  component  of  the  National  Airspace  System  (MAS)  moderniza¬ 
tion  plan  is  the  collocation  and  consolidation  of  facilities  used  by  the 
air  navigation  and  air  traffic  control  services.  A  reduction  in  the  num¬ 
ber  of  separate  facilities  (including  many  remotely  located  sites)  would 
represent  a  significant  saving  by  reducing  the  number  of  support  personnel 
and  the  associated  annual  support  costs.  However,  the  consolidation  of 
such  facilities  would  create  a  severe  strong  signal  environment  for  the 
radio  transmitters  and  receivers  that  must  be  collocated. 

This  report  recognizes  many  of  the  problems  associated  with  colloca¬ 
tion  and  site  consolidation;  it  addresses  the  technical  feasibility  of 
collocating  on  a  single  site  as  many  as  12  VHP  and  12  UMF  transmitters  and 
receivers.  The  problem  was  approached  both  theoretically  (a  conqputer 
model  was  created  to  develop  intermodulation  products )  and  in  practical 
terms.  This  report  cites  Interference  reduction  techniques  that  could  be 
employed  to  achieve  satisfactory  performance  in  a  crowded  strong  signal 
environment. 

The  computer  model  employs  a  Monte  Carlo  simulation  for  random  selec¬ 
tion  of  frequencies,  and  calculates  the  number  of  resulting  intermodula¬ 
tion  products  that  may  be  expected  to  interfere  with  air  traffic  control 
receivers  at  the  same  site.  Data  produced  by  the  computer  model  resulted 
in  figures  of  merit  which  indicated  the  feasibility  of  consolidation.  The 
computer  model  verified  the  expected  increased  severity  of  interference  as 
the  number  of  collocated  communications  channels  is  increased.  The  collo¬ 
cation  interference  problem  is  further  complicated  when  the  consolidated 
site  includes  a  VOR  navigation  station  or  is  located  near  a  commercial  FM 
broadcast  station. 

This  report  also  contains  a  practical  approach  to  the  solution  of  the 
severe  interference  problems .  Citing  currently  available  isolation  tech¬ 
niques  and  devices,  the  report  assesses  the  interference  reduction  mea¬ 
sures  that  will  be  necessary  to  achieve  satisfactory  operation.  For  exam¬ 
ple,  with  only  three  VHF  and  three  UHF  channels  collocated,  interference 
control  can  be  achieved  with  a  minimum  of  engineering  effort.  As  the  num¬ 
ber  of  collocated  transmitters  and  receivers  increases  to  12  of  each,  more 


Isolation  devices  must  be  employed.  The  losses  incurred  through  the  em¬ 
ployment  of  isolation  devices  probably  will  require  the  use  of  50-watt 
2Uiipllflers  and  may  also  require  the  Installation  of  higher-gain  antennas. 
When  collocating  with  a  200-watt  VOR  station  or  an  FH  broadcast  station, 
all  available  Interference  control  techniques  and  devices  will  be  required 

This  report  arrives  at  the  conclusion  that  the  collocation  of  air 
traffic  control  facilities  can  be  successfully  accomplished  through  the 
employment  of  transmitters  and  receivers  designed,  manufactured,  and 
tested  according  to  performance  specifications  that  reflect  severe  re¬ 
quirements  of  consolidated  sites  and  the  wise  use  of  isolation  devices. 

The  following  conclusions  2uid  recommendations  are  included  in  the  report: 

(1)  To  avoid  obvious  intermodulation  products,  frequencies  assigned 
to  collocated  facilities  should  be  selected  carefully.  Present 
FAA  frequency  management  programs  appear  adequate  for  this 
purpose . 

(2)  Mo  equipment  should  be  considered  for  collocation  unless  that 
equipment  has  been  manufactured  according  to  specifications 
demanding  exceptional  performance  in  a  crowded  signal  environ¬ 
ment  or  has  been  tested  exhaustively  and  found  suitable  for 
collocation. 

(3)  All  futtire  procurement  of  VHF  and  UHF  transmitters  and  receiv¬ 
ers  for  the  air  traffic  control  service  should  be  made  accord¬ 
ing  to  specifications  containing  the  performance  requirements 
for  collocated  facilities.  Specifications  for  older  equipment 
still  in  use  should  be  consulted  (see  Appendix  A  for  this 
purpose ) . 

(4)  Existing  government-owned  structures  not  currently  in  use  may 
be  employed  for  collocated  commxinications  facilities  resulting 
in  significant  savings  in  both  time  and  money.  Abandoned  sites 
usually  provide  favorable  locations  because  of  existing,  ade¬ 
quate  utilities  and  roads. 

(5)  Hodification,  remodeling,  or  enlargement  of  existing  structures 
usually  is  more  cost-effective  than  new  construction.  The 
actual  calculation  of  such  cost  savings  was  beyond  the  scope  of 
this  contract  and  is  not  Included  in  this  report. 

(6)  Collocation  with  VOR  facilities  is  feasible  but  represents  a 
significant  technical  challenge.  The  transmitters,  receivers, 
and  antenna  systems  of  the  ATC  system  usually  can  be  installed 
and  engineered  to  provide  satisfactory  service  in  the  presence 
of  the  VOR.  The  communications  antennas  and  their  support 
structures,  however,  may  degrade  the  VOR  course  structure  to 
make  the  commissioning  of  the  VOR  without  restrictions  quite 
difficult.  The  impact  on  the  VOR  will  increase  with  the  number 
of  communication  channels  and  the  number  of  installed  antennas. 


(7)  If  collocation  with  a  VOR  must  be  accomplished,  it  is  recom¬ 
mended  that  the  number  of  VHP  and  UHF  antennas  be  held  to  a 
minimum.  In  addition,  their  height  and  location  must  be  such 
that  interference  to  airway  radials  and  impact  on  low-altitude 
comnninications  reception  is  minimized.  Antennas  may  be  located 
below  the  horizon  of  the  VOR  antenna.  Horizontally  polarized 
components  also  should  be  avoided,  to  minimize  the  possible 
impact  of  re-radiated  signals  on  the  VOR  course  structure. 

(8)  Collocation  with  VHF/FM  broadcast  stations  also  is  difficult, 
but  manageable.  It  does  not  dictate  the  severe  antenna  instal¬ 
lation  restrictions  applied  to  the  VOR  collocation,  but  re¬ 
quires  similar  signal  isolation  techniques.  Each  site  will 
present  a  unique  set  of  problems  and  will  require  its  own  engi¬ 
neering  solution.  Collocation  of  Air  Traffic  Control  communi¬ 
cations  with  Long  Range  Radar,  Air  Traffic  Control  Radar,  Radar 
Control  Approach  ( RAPCON ) ,  and  other  facilities  was  beyond  the 
scope  of  this  contract,  and  therefore  is  not  addressed  in  this 
report . 

(9)  Site  layouts  and  antenna  configurations  should  minimize  the 
number  of  antennas  installed  on  collocated  sites,  and  asstire 
the  maximum  isolation  by  both  vertical  and  horizontal  separa¬ 
tion  of  the  antennas.  Mew  antennas,  antenna  support  struc- 
tvires,  and  isolation  devices  for  successful  collocation  of 
facilities  should  be  added  to  the  installation  equipment  inven¬ 
tory  for  application  at  new  or  existing  sites  where  improved 
performance  or  isolation  may  be  required. 

(10)  Isolation  not  provided  by  physical  separation  of  antennas  must 
be  achieved  electrically.  The  cost  of  electrical  isolation 
includes  both  the  monetary  cost  of  the  devices  to  be  installed 
and  the  losses  associated  with  their  introduction  into  the 
system.  In  most  cases,  the  losses  will  require  the  use  of 
either  an  antenna  system  providing  several  dB  of  gain  or  the 
optional  50-watt  linear  amplifier,  or  both. 

(11)  Electrical  isolation  of  Installed  VHF  and  UHF  systems  will  re¬ 
quire  the  best  engineering  practices  for  the  most  appropriate 
use  of  the  many  currently  available  isolation  devices,  includ¬ 
ing  filters,  isolators,  cavities,  circulators,  and  multicoup¬ 
lers.  These  are  the  tools  that  make  successful  site  consolida¬ 
tion  and  equipment  collocation  possible.  New  techniques  and 
new  isolation  devices  should  be  introduced  as  they  are  re¬ 
quired,  or  as  they  may  become  available. 

(12)  Development  of  unique  installation  design  criteria  to  reflect 
critical  interference  control  requirements  was  beyond  the  scope 
of  this  contract  and  has  not  been  addressed  in  this  report; 
however,  most  requirements  can  be  satisfied  by  intensive  site 
engineering  and  employment  of  unique  devices.  Such  devices  may 
include  special  filters,  selective  shielding,  custom  antennas 
and  support  structures,  and  careful  placement  of  critical  sys¬ 
tems  components. 


(13)  It  is  recommended  that  the  FAA  create  a  special  task  force  to 
study  and  solve  extraordinary  collocation  problems  that  cannot 
be  managed  or  solved  by  normal  site  engineering  practices. 
Successful  collocation  and  Isolation  techniques  developed  by 
this  special  task  force  should  be  made  available  to  all  FAA 
regions  for  possible  application  at  other  locations  with  sim¬ 
ilar  problems. 


GLOSSARY  OF 

ABBREVIATIONS  AND  ACRONYMS 


ATC 

Af 

EMI 

ERF 

FAA 

GCA 

HPF 

IF 

imp 

LPF 

M/C 

NAS 

RAPCON 

RCF 

RFI 

Rx 

TACAN 

Tx 

VOR 

VORTAC 


Air  Traffic  Control 
Delta-F 

Electromagnetic  Interference 
Effective  Radiated  Power 

Federal  Aviation  Administration 

Ground  Control  Approach 

High-Pass  Filter 

Intermediate  Frequency 
Intermodulation  Product 

Low-Pass  Filter 

Hulticoupler 

National  Airspace  System 

Radar  Approach  Control 
Remote  Communications  Facility 
Radio  Frequency  Interference 
Receiver 

Tactical  Air  Navigation 
Transmitter 

VHF  Omnidirectional  Range 

VHF  Omnidirectional  Range  with  TACAN 


CONTENTS 


ACKNOWLEDGMENTS . 

SUMMARY . 

GLOSSARY  OF  ABBREVIATIONS  AND  ACRONYMS  . 

CHAPTER  ONE:  INTRODUCTION  . 

1 . 1  Background . 

1.2  Objectives . 

1 . 3  Scope . 

1.4  Technical  Approach . 

1.5  Report  Organization  . 

CHAPTER  TWO;  A  THEORETICAL  APPROACH  TO  SITE  CONSOLIDATION  .  .  .  . 

2.1  Computer  Model  Simulation  o£  Intermodulation 

Products . 

2.1.1  VHF  and  UHF  Communication  Channel 

Interference  Modeling . 

2.1.2  FM  Broadcast  Band  Interference  Modeling.  .  .  . 

2.1.3  VOR  Interference  Modeling . 

2.2  Results  of  Computer  Model  Simulation . 

2.2.1  VHF  and  UHF  Communication  Channel  Interference 

Results . 

2.2.2  FM  Interference  Results . 

2.2.3  VOR  Results . 

CHAPTER  THREE:  PRACTICAL  CONSIDERATIONS  FOR  CONSOLIDATION  AND 

COLLOCATION . 

3.1  Consolidation  and  Collocation  of  Air  Traffic 

Control  Facilities . . . 

3.1.1  Advantages  of  Site  Consolidation  and 

Equipment  Collocation . 


CONTENTS  ( continued ) 


Pa 


3.1.2  Disadvantages  of  Site  Consolidation  and 

Equipment  Collocation .  3 

3.1.3  Additional  Facts  to  be  Considered .  3' 

3.2  Hardware  Considerations  .  3 

3.2.1  Transmitters  and  Receivers .  3 

3.2.2  Isolation  Devices .  3 

3.2.3  Antennas .  3 

3.3  A  Basic  Approach  to  Collocation  .  3 

3.3.1  Three  VHF/Three  UHF  Channels  .  3 

3.3.2  Six  VHF/Six  UHF  Channels .  3 

3.3.3  Up  to  Twelve  VHF/Twelve  UHF  Channels .  3- 

3.4  Complications  of  Collocating  With  VOR .  3- 

3.4.1  Additional  Isolation  Techniques  Required  ....  3- 

3.4.2  Antenna  Considerations  .  3- 

3.4.3  Total  Impact  on  Both  Facilities  (VOR  and 

ATC  Communications) .  3- 

3.5  Complications  of  Collocation  Plus  VHF/FM  Broadcast 

Station .  3- 

3.5.1  Techniques  Required  for  Isolation .  3- 

3.5.2  Impact  on  the  Air  Traffic  Control  Facility  ...  3- 

3-6  Solution  of  Special  or  Unique  Problems .  3- 

CHAPTER  FOUR;  CONCLUSIONS  AND  RECOMMENDATIONS  .  4 

APPENDIX  A;  EQUIPMENT  SPECIFICATIONS .  A 

APPENDIX  B:  AIR  TRAFFIC  CONTROL  VHF  AND  UHF  FREQUENCIES  .  B 

APPENDIX  C:  COMPUTER  MODEL  LISTING .  C 

APPENDIX  D:  COMPUTER  MODEL  OUTPUT  DATA . 


xii 


-f. 


. 


CONTENTS  (conttnued) 


LIST  OP  ILLUSTRATIONS 


Delta-F  Windows  in  Computer  Model  . 

VHP  channel  Spacing  (MHz)  .  .... 

PM  Intermod  Product  . 

Sample  Computer  Model  Printout . 

Intermodulation  Problems . 

Number  of  Conflicts  for  Various  Delta-F  . 

Frequency  Sets  for  Various  Delta-F . 

FM/VOR  Intermodulation  Products  . 

Eight-Antenna  Sample  Site  Configuration  . 

Configuration  for  Six  Frequencies  . 

Signal  Losses  for  Six  Frequencies  . 

Configuration  for  Twelve  Frequencies . . 

Signal  Losses  for  Twelve  Frequencies . 

Configuration  for  Eighteen  Frequencies . 

Configuration  for  Twenty-Four  Frequencies  . 

Configuration  for  Twenty-Four  Frequencies  with  a  VOR 

Transmitter  . 

Transmitter  Signal  Losses  for  Twenty-Four  Frequencies 

with  a  VOR  Transmitter . 

Receiver  Signal  Losses  for  Twenty-Four  Frequencies 

with  a  VOR  Transmitter . 

Configuration  with  Twenty-Four  Frequencies,  VOR  and 

FM  Transmitters  . 

Transmitter  Signal  Losses  for  Twenty-Four  Frequencies 

with  VOR  and  FM  Transmitters.  ...  . 

Receiver  Signal  Losses  for  Twenty-Four  Frequencies  with 
VOR  and  FM  Transmitters  . 


Table 


LIST  OF  TABLES 


Assigned  VHF  Air  Traffic  Control  Frequencies . 

Comparison  of  Computer  Runs  for  Different  Numbers  of 

Iterations . 

Standard  Input  Values  for  Computer  Runs  . 

Results  for  Standard  Input  Values  . 

Sample  of  Second-,  Third-,  Fourth-,  and  Fifth-Order 
Intermodulation  Products  From  Three  VHF  Sources  ,  .  . 


CHAPTER  ONE 


INTRODUCTION 


1.1  BACKGROUND 

A  critical  component  of  the  National  Airspace  System  (NAS)  moderniza¬ 
tion  plan  is  the  collocation  of  navigation,  surveillance,  and  communica¬ 
tion  transmitting  and  receiving  equipment  into  consolidated  facilities. 
These  consolidated  remote  communications  facilities  (RCF)  will  provide  the 
required  services  but  at  a  reduced  maintenance  and  operational  cost.  The 
key  issue  indicating  the  probability  of  success  of  the  collocation  process 
concerns  the  compatibility  of  collocated  equipments  from  the  viewpoint  of 
electromagnetic  interference  (EMI)  and  radio-frequency  interference  (RFI). 

The  following  items  were  identified  as  necessary  to  accomplish  the 
proper  analysis  of  collocation  in  view  of  the  National  Airspace  System 
Plan: 

Determine  the  feasibility  and  limitations  of  collocation  consist¬ 
ent  with  Federal  Aviation  Administration  (FAA)  standards  and  NAS 
requirements,  identifying  those  issues  which  require  detailed 
analysis . 

-  Perform  detailed  analysis  based  on  issues  identified  in  Phase  X  to 
support  adequately  the  consolidation  objective. 

-  Develop  guidelines,  procedures,  and  standards  to  support  the  RCF 
program  in  the  field;  coordinate  this  effort  with  FAA  regional 
personnel  responsible  for  implementation  of  the  consolidation 
effort. 


1.2  OBJECTIVES 

The  FAA,  recognizing  the  serious  problems  that  must  be  faced  in  con¬ 
sidering  collocation,  contracted  with  ARINC  Research  to  perform  a  deter¬ 
mination  of  the  technical  feasibility  of  such  an  effort.  This  effort 
sought  to  satisfy  the  following  objectives: 

-  Define  the  Feasibility  of  Collocation  -  The  probable  success  of 
such  an  effort  should  first  be  examined  from  a  theoretical  point 
of  view  to  demonstrate  the  benefits  of  collocation.  The  need  for 


a  detailed  analysis  of  the  problem  should  be  demonstrated.  Models 
may  be  used,  and  comments  should  be  made  on  real-world  consider¬ 
ations,  as  necessary,  in  this  quick- look  analysis. 


Develop  Scenarios  and  Perform  Interference  Analyses  -  More  detail¬ 
ed  analyses  should  be  performed  on  a  selected  set  of  RCF  scenarios 
which  portray  a  set  of  candidate  site  configurations.  Major  tech¬ 
nical  issues  should  be  explored,  indicating  the  types  of  problems 
encountered  and  their  proposed  solutions  consistent  with  the  FhA 
National  Airspace  System  Plan. 

Identify  Areas  Requiring  Further  Study  -  As  a  result  of  these 
efforts,  guidance  should  be  provided  to  the  FAA  in  defining  a  plan 
for  implementation  and  other  future  activities  relevant  to  the 
collocation  of  radiating  equipment. 


1.3  SCOPE 

This  report  documents  an  analysis  of  the  feasibility  of  collocation 
using  a  quick- look  analysis.  Practical  bounds  for  the  proposed  colloca¬ 
tion  effort  were  determined  by  a  computer  model  to  simulate  the  intermod¬ 
ulation  problems  generated  for  various  numbers  of  transmitter  and  receiver 
frequencies  in  selected  scenarios.  The  range  of  problems  which  would 
ultimately  determine  the  probability  of  success  of  collocation  were  de¬ 
fined.  Comments  were  presented  on  techniques  and  equipment  necessary  to 
address  the  Interference  problems. 

A  detailed  specification  of  equipment  required  to  solve  these  inter¬ 
ference  problems  was  out  of  the  scope  of  this  effort  and  was  not  made 
except  to  demonstrate  that  certain  classes  of  devices  are  available  and 
they  can  be  employed  to  solve  interference  problems  if  properly  engineered 
into  each  specific  site  configuration.  A  cost  analysis  of  collocation  was 
also  determined  to  be  out  of  scope  of  this  effort  and  therefore  has  not 
been  Included  in  this  report. 


1.4  TECHNICAL  APPROACH 

In  this  quick- look  analysis,  a  set  of  interference  problems  was  ana¬ 
lyzed  to  determine  the  feasibility  of  collocation.  Second-order  and  third- 
order  Intermodulation  products  were  deemed  to  be  the  most  serious  problems 
faced  in  a  collocation  implementation  and  therefore  were  of  prime  consid¬ 
eration  in  this  quick-look  analysis.  A  computer  model  was  created  to 
theoretically  bound  the  collocation  problem  by  performing  a  Monte  Carlo 
simulation  of  intermodulation  products  generated  by  random  selection  of 
sets  of  VHF  and  UHF  frequencies.  This  model  determined  the  number  of 
intermodulation  products  which  fell  within  a  certain  window  or  guard  band 
around  each  of  the  frequencies  in  a  frequency  set,  and  it  determined 
appropriate  statistics . 


The  output  of  the  model  indicated  the  average  number  of  problems  that 
could  be  expected  given  the  random  selection  of  VHP  and  UHF  frequencies  as 
defined  by  the  input  parauaeters.  The  distribution  of  results  presented 
the  probability  of  successfully  avoiding  second-order  and  third-order 
intermodulation  problems  by  proper  frequency  engineering,  thereby  minimiz¬ 
ing  the  total  number  of  interference  problems  encountered  in  an  actual 
site  implementation. 

Specific  scenarios  were  chosen  to  evaluate  the  actual  interference 
problems  that  could  be  expected.  Aiiq>litudes  for  Interference  products  for 
certain  selected  cases  were  noted  and  interference  control  equipment  was 
proposed  as  a  guide  to  the  solution,  on  a  case-by-case  basis,  of  these 
specific  problems.  These  examples  indicated  the  types  of  new  equipment 
and  procedures  that  the  FAI^  may  need  to  consider. 


1.5  REPORT  ORGANIZATION 

The  remainder  of  this  report  is  organized  as  follows: 

-  Chapter  Two  is  a  description  of  the  computer  model  used  in  the 
simulation  along  with  the  results  of  the  theoretical  analysis  of 
second-order  and  third-order  intermodulation  products. 

-  Chapter  Three  portrays  in  detail  the  advantages  and  disadvantages 
of  collocation  by  the  exploration  of  specific  site  configuration 
examples  and  the  definition  of  the  technical  procedures  necessary 
to  eliminate  the  expected  interference  products . 

-  Chapter  Foxir  details  the  conclusions  reached  in  this  study  and  the 
recommendations  made  to  the  FAA  regarding  necessary  future  work  to 
quantify  the  technical  and  economic  impact  of  the  RCF  program. 

-  Appendix  A  contains  the  original  performance  specifications  for 
collocated  VHF  and  UHF  transmitters  and  receivers  in  the  Air  Traf¬ 
fic  Control  (ATC)  environment  as  initially  developed  jointly  by 
the  FAA  and  the  Department  of  Defense  in  1966 .  Equipment  designed 
to  this  specification  represents  the  majority  of  equipment  cur¬ 
rently  in  use  by  the  FAA. 

-  Appendix  B  details  the  present  VHF  and  UHF  frequencies  used  by  the 
FAA  and  considered  in  this  study. 

-  Appendix  C  contains  a  listing  of  the  computer  model. 

-  Appendix  D  contains  the  results  of  exercising  the  computer  model. 


CHAPTER  TWO 


A  THEORETICAL  APPROACH  TO  SITE  CONSOLIDATION 


This  chapter  describes  the  computer  model  that  was  developed  to  exam¬ 
ine  the  generation  of  intermodulation  products  by  the  use  of  a  Monte  Carlo 
simulation. 


2.1  COMPUTER  MODEL  SIMULATION  OF  INTERMODULATION  PRODUCTS 

The  Task  I  effort  concerned  the  determination  of  the  technical  feasi¬ 
bility  of  consolidation.  Certain  benefits  and  penalties  exist  when  the 
collocation  of  a  number  of  transmitters  and  receivers  is  considered. 
Therefore,  to  address  collocation  and  to  quantify  how  valuable  it  could 
be,  a  computer  model  was  developed  to  implement  a  quick-look  procedure. 

The  purpose  of  the  procedure  was  to  make  an  initial  determination  of  the 
bounds  for  implementation  of  collocation,  with  an  indication  of  the 
probability  of  success  of  such  a  venture. 

The  computer  model  was  developed  to  choose  sets  of  VHF  and  UHF  fre¬ 
quencies  and  to  calculate  intermodulation  products  formed  by  them.  The 
frequencies  were  randomly  chosen  from  the  list  available  to  the  FAA  for 
air  traffic  control  (see  Appendix  B).  Together  with  the  two  emergency 
frequencies,  these  computer-selected  frequencies  composed  a  frequency  set 
with  which  the  analysis  was  performed.  Based  on  input  specifications,  the 
model  was  exercised  to  produce  data  indicating  the  average  number  of 
intermodulation  problems  expected  for  a  set  of  n  frequencies.  The  model, 
as  developed  by  ARINC  Research,  was  written  in  Fortran  and  was  implemented 
on  a  PDP  11/34  computer.  (A  listing  of  the  program  appears  in  Appendix  C.) 

2.1.1  VHF  and  UHF  Communication  Channel  Interference  Modeling 

In  this  initial  analysis,  the  n  transmit/receive  frequencies  in  each 
frequency  set  were  used  to  generate  all  second-order  and  third-order 
intermodulation  products.  If  the  frequency  of  any  intermodulation  product 
fell  within  a  certain  frequency  range  (Delta-F)  of  any  of  the  frequencies 
in  the  frequency  set,  then  the  product  was  deemed  to  be  a  problem.  By 
this  approach,  eunplitudes  of  intermodulation  products  were  not  considered 
since  the  detailed  data  required  on  specific  equipment  would  void  the  use 
of  a  general  quick- look  analysis.  Based  on  the  choice  of  a  number  of 


frequency  sets  during  the  operation  of  the  model,  statistics  were  complied 
to  Indicate  the  severity  of  the  Interference  problem  from  an  intermodular 
tlon  product  viewpoint. 

The  computer  model  as  It  now  exists  does  not  allow  the  definition  of 
problems  by  a  consideration  of  Interfering  signal  amplitudes.  The  model 
was  designed  to  accommodate  the  consideration  of  the  amplitudes  of  Inter- 
modulatlon  products  for  selected  scenarios  (e.g.,  third-order  products 
with  two  collocated  transmitters  and  receivers).  However,  critical  data 
as  transmitter  spectrum  signatures  and  receiver  pass  band  skirts  were  not 
available  from  the  FAA  or  manufacturers  consulted  during  the  study.  The 
addition  of  these  data  would  have  resulted  In  a  refinement  in  the  pre¬ 
diction  of  the  number  of  expected  Intermodulation  products.  However,  the 
output  of  the  model  was  used  as  a  figure  of  merit  Indicating  the  relative 
difficulty  of  collocating  various  frequencies  and,  therefore,  has  minimal 
Impact  on  the  conclusions  of  this  phase  of  the  effort. 

The  basic  operation  of  the  computer  model  is  graphically  represented 
in  Figure  2-1.  According  to  the  Input  specifications,  the  computer  model 
selects  a  set  of  frequencies,  two  of  which  are  shown  In  the  figure  as  fl 
and  f2.  Each  frequency  Is  protected  by  a  window  of  width  2  Delta-F,  so 
that  any  intermodulation  product  which  occurs  within  that  or  any  other 
Delta-F  window  will  be  identified  as  a  problem.  Various  values  of  Delta-F 
were  chosen  during  the  exercise  of  the  model. 


FIGURE  2-1 

DELTA-F  WINDOWS  IN  COMPUTER  MODEL 


Any  interraodulation  product  which  falls  within  a  Delta-F  window  is 
noted  as  a  potential  problem;  statistics  are  compiled  accordingly.  Tests 
for  second-order  and  third-order  intermodulation  products,  as  selected  by 
the  user,  are  performed  for  each  set  of  frequencies  chosen.  All  products 
which  fall  within  the  window  around  any  frequency  in  the  frequency  set  are 
noted.  In  the  figure,  an  intermodulation  product  (imp)  is  shown  to  fall 
within  Delta-F  of  frequency  f2. 


After  all  problems  are  determined  for  this  particular  set  of  n  fre¬ 
quencies,  the  computer  randomly  selects  the  next  set  from  the  available 
list  of  VHP  and  UHF  frequencies  (noted  in  Appendix  C)  and  repeats  the 
analysis.  At  least  100  frequency  sets  are  chosen  during  each  computer  run 
to  ensure  a  statistically  valid  analysis. 

Inputs  to  the  model  Included  the  following: 

-  Number  of  VHP  frequencies  (12  maximum) 

-  Number  of  UHP  frequencies  (12  maximum) 

-  Minimum  VHP  frequency  separation  (1.5  MHz  typically) 

-  Minimum  UHP  frequency  separation  (1.5  MHz) 

-  Guard  band  frequency  (Delta-F) 

-  Zntermodulation  tests  to  be  performed 

-  Number  of  frequency  sets  to  be  tested  (100  typically) 

-  Interfering  VOR  frequency  (optional) 

-  Interfering  PM  broadcast  band  frequency  (optional) 

The  model  considered  an  equal  mix  of  VHP  and  UHF  frequencies  in 
groups  of  6,  12,  18,  and  24.  In  addition,  the  two  emergency  frequencies 
of  121.5  MHz  (VHP)  and  243.0  MHz  (UHF)  were  included  by  the  computer  model 
in  each  frequency  set. 

The  computer  model  randomly  selected  the  first  VHP  frequency  from  the 
list  of  available  frequencies  (as  noted  in  Appendix  B).  Before  it  could 
select  the  next  VHP  frequency  from  the  list,  it  first  confirmed  that  they 
were  apart  in  frequency  by  the  separation  defined  in  the  input  specifica¬ 
tion.  A  typical  value  for  VHP  frequencies  was  1.5  MHz,  which  is  used  by 
the  FAA  for  the  separation  in  frequency  of  collocated  equipment.  However, 
due  to  the  distribution  of  Air  Traffic  Control  VHP  frequencies  (as  shown 
in  Table  2-1),  the  actual  maximum  separation  possible  diminished  (as  shown 
in  Figure  2-2).  For  that  reason,  the  separation  was  reduced  to  1.0  MHz  to 
accommodate  12  collocated  VHP  frequencies.  UHF  frequencies  were  selected 
in  the  same  fashion  from  the  list  (as  detailed  in  Appendix  B),  although 
the  minimum  spacing  for  UHF  frequencies  remained  at  1.5  MHz. 

The  standard  procedure  for  exercising  the  computer  model  involved  the 
performance  of  all  of  the  second-order  and  third-order  intermodulation 
tests.  The  model  was  sufficiently  flexible  to  allow  testing  for  one  par¬ 
ticular  type  of  product  as  part  of  a  sensitivity  analysis. 

Each  computer  output  presented  statistics  from  100  frequency  sets  (or 
iterations).  Sensitivity  tests  were  performed  on  all  input  variables  to 
confirm  the  model's  proper  functioning.  In  one  case,  -  shown  in  Table  2-2, 


An  initial  approach  may  be  taken,  however,  by  modeling  the  FM  in¬ 
duced  intermodulation  products  as  simple  second-order  or  third-order  prod¬ 
ucts  possessing  a  bandwidth.  The  operation  of  the  model  for  the  inclusion 
of  an  FM  signal  in  the  analysis  is  illustrated  in  Figure  2-3.  In  this 
case,  the  intermodulation  product  from  the  FM  broadcast  band  transmitter 
has  a  band  of  assumed  frequencies.  If  the  intermodulation  product  window 
(imp)  intersects  a  Delta-F  window,  then  an  intermodulation  problem  is 
noted.  As  a  first  approximation,  the  FM  bandwidth  is  assumed  to  be  50 


TABLE  2-2 


COMPARISON  OF  COMPUTER  RUNS  FOR  DIFFERENT 
NUMBERS  OF  ITERATIONS 


Input/Output:  Values 


Example  A  Example  B 


Input  Values 

Number  of  Iterations 

10,000 

100 

Delta-F 

.100  MHz 

.100  MHz 

Number  of  VHF  Frequencies 

12 

12 

VHF  Spacing 

1.000  MHz 

1.000  MHz 

Number  of  UHF  Frequencies 

12 

12 

UHF  Spacing 

1.500  MHz 

1.500  MHz 

VHF  Emergency  Frequency 

121.5  MHz 

121.5  MHz 

UHF  Emergency  Frequency 

243.0  MHz 

243.0  MHz 

VOR  Frequency 

Not  used 

Not  used 

FM  Broadcast 

Not  used 

Not  used 

Intermodulation  Tests 

2f-f 

2f-f  • 

2f+f ' 

2f+f  * 

f-f ' 

f-f* 

f+f  • 

f+f 

2f 

2f 

3f 

3f 

Output  Values 

Number  of  Possible  Conflicts 

68,952 

68,952 

Mean  Conflicts  Per  Iteration 

27.6 

28.0 

Standard  Deviation 

8.8 

9.1 

AF  Windows 


kHz.  The  intermodulatlon  product  is  therefore  modeled  as  being  wideband 
in  nature. 


2.1.3  VOR  Interference  Modeling 

A  VOR  (VHP  Omnidirectional  Range)  or  a  VORTAC  (VHP  Omnidirectional 
Range  with  Tactical  Air  Navigation  [TACAN] )  is  another  type  of  signal  that 
has  the  potential  for  significant  impact  on  the  collocation  problem.  The 
PAA  envisions  locating  transmitters  and  receivers  at  many  existing  VOR  and 
VORTAC  sites;  yet  detailed  analysis  of  the  impact  on  the  VOR  as  a  naviga¬ 
tion  facility  is  beyond  the  scope  of  this  study.  With  certain  simplifying 
assumptions,  however,  an  approach  has  been  taken  in  the  computer  model  to 
indicate  the  impact  of  the  VOR  on  air  traffic  control  communications. 

The  VOR,  though  a  high-power  constant  signal  with  a  complex  spectrum, 
has  been  viewed  with  a  first-order  approximation  as  a  simple  interfering 
signal,  in  much  the  same  way  another  on-site  transmitter  would  be  viewed. 
The  frequency  of  a  VOR  is  entered  into  the  model  as  an  input,  and  inter¬ 
modulation  products  are  calculated  to  determine  the  number  that  would  fall 
within  the  Delta-P  windows.  The  model  does  not  address  the  interference 
of  the  VOR  signal  in  terms  of  power  or  duration.  Chapter  Three  details 
the  issues  regarding  interference  from  a  VOR  transmitter  and  the  diffi¬ 
culty  associated  with  the  collocation  of  a  communications  facility  and  a 
navigation  facility. 


2.2  RESULTS  OP  COMPUTER  MODEL  SIMULATION 

In  this  quick-look  analysis  the  computer  model  was  the  primary  vehi¬ 
cle  for  determining  the  feasibility  of  collocation.  The  data  obtained  are 
detailed  in  the  following  sections. 

2.2.1  VHP  and  UHP  Communication  Channel  Interference  Results 


All  outputs  produced  by  the  model  include  statistics  on  the  number  of 
intermodulation  problems  per  frequency  set  in  the  form  shown  in  Figure 
2-4.  All  input  pareuneters  specified  by  the  user  are  detailed,  including 
the  intermodulation  tests  performed.  The  results  of  the  analysis  are 
given  in  the  frequency  conflict  section.  The  ntunber  of  possible  pairs 
indicates  the  number  of  intermodulation  products  that  were  generated  for 
all  intermodulation  tests  to  be  performed.  The  number  is  determined  by: 

Number  of  products  =  NTj^  +  N(N  -  1)T2 

where 

N  =  the  number  of  frequencies 

=  the  number  of  intermodulation  tests  involving  one  frequency 
(e.g.,  2f) 

T2  *  the  number  of  intermodulation  tests  involving  two  frequencies 
(e.g.,  2f  +  f ) 


RANDOM  rRFQUENCY  INTCRMODULATION  SIMULATION 


NUMBER  OF  ITERATIONS!  10000 


DELTA  F  -  0.100  MHx 


RANDOM  VHF  FREOUENCIESS  12  VHF  SPACING  -  1.000  MHz 

RANDOM  UHF  FREQUENCIES!  12  UHF  SPACING  -  1.500  MHz 


VHF  EMERGENCY  «  121.500  MHz  UHF  EMERGENCY  -  243.000  MHz 

VOR  FREQUENCY  -  0.000  MHz  FH  BROADCAST  -  0.000  MHz 

(forc»«J  bandwidth  25  kHz)  <f oread  bandwidth  +/-  0  kHz) 

(Fraouanew  of  zero  aaana  not  taatad  for) 


INTERMODULATION  PRODUCTS  TESTED!  2f  -  f' 

2f  +  f' 
f  -  f' 
f  ♦  f 
2f 
3f 


FREQUENCY  CONFLICTS! 

NUMBER  OF  POSSIBLE  CONFLICTS!  6S932. 
MEAN  CONFLICTS  PER  ITERATION!  27.4 
STANDARD  DEVIATION!  8.8 


CONFLICT  DISTRIBUTION  FOLLOWS 


FIGURE  2-4 

SAMPLE  COMPUTER  MODEL  PRINTOUT 


The  number  of  possible  conflicts  indicates  the  number  of  opportunities  for 
intermodulation  products  to  fall  within  any  of  the  Delta-F  windows.  This 
is  defined  by: 

Number  of  conflicts  =  N( Number  of  products) 

=  N^Tjl  +  n2(n  -  1)T2 

The  mean  number  of  conflicts  per  iteration  indicates  the  average  number  of 
intermodulation  products  which  fall  within  any  of  the  Delta-F  windows  in 
an  average  frequency  set.  The  standard  deviation  of  the  same  is  also 
noted  on  the  output . 


The  distribution  of  the  number  of  conflicts  corresponding  to  the  data 
in  Figure  2-4  is  shown  in  Figure  2-5 «  which  shows  the  number  of  times 
intermodulation  products  were  determined  to  be  problems  according  to  the 
selected  intermodulation  tests.  For  ex2uiiple,  for  10,000  frequency  sets 
(iterations),  there  were  44  sets  that  had  exactly  10  intermodulation  prod¬ 
ucts  that  fell  within  any  of  the  26  Delta-P  windows  in  that  set  (consist¬ 
ing  of  12  VHF,  12  UHF,  and  the  2  emergency  channels).  The  histogram 
displays  a  normal  type  of  distribution,  which  indicates  the  validity  of 
the  random  procedures  incorporated  in  this  model.  (Data  gathered  from 
this  exercise  of  the  con^uter  model  are  contained  in  Appendix  D.) 

A  certain  set  of  input  variables,  noted  in  Table  2-3,  was  developed 
as  the  prime  set  for  testing.  From  the  computer  runs  using  these  vari¬ 
ables,  conclusions  were  drawn  about  the  difficulty  of  the  intermodulation 
problem.  Equal  numbers  of  VHF  and  UHF  frequencies  were  used,  that  being 
the  most  probable  site  implementation.  Different  combinations  from  the 
range  of  input  variables  listed  in  Table  2-3  were  used  in  the  primary 
analysis . 

The  results  of  a  selected  set  of  computer  runs  using  these  input  data 
are  shown  in  Table  2-4.  For  each  value  of  Delta-F,  four  different  cases 
of  random  frequencies  were  chosen,  with  the  resulting  average  number  of 
conflicts  as  shown.  The  average  number  of  conflicts  is  also  presented  in 
Figure  2-6  for  the  various  values  of  Delta-P.  As  expected,  more  inter¬ 
modulation  products  were  considered  as  problems  by  the  computer  model  as 
Delta-F  was  increased. 

A  figure  of  note  is  the  percentage  of  frequency  sets  which  have  a 
minimum  number  of  conflicts.  Conflicts  will  always  result  since  the  model 
performs  the  2f  frequency  tests  on  the  emergency  frequencies  of  121.5  MHz 
and  243.0  MHz.  Because  there  are  other  possible  2f  intermodulation  prod¬ 
ucts  vrtiich  do  not  include  the  emergency  frequencies  which  may  be  noted  as 
problems,  the  test  was  not  eliminated. 

For  the  purpose  of  this  analysis,  an  upper  bound  of  two  was  chosen  as 
the  maximum  acceptable  number  of  intermodulation  problems  present  in  an 
acceptable  frequency  set.  The  number  of  frequency  sets  chosen  by  the  com¬ 
puter  which  met  this  criterion  is  an  indicator  of  the  probability  of  suc¬ 
cess  of  the  collocation  effort.  These  indicators  for  6,  12,  18,  and  24 
random  frequencies  are  noted  in  the  last  column  of  Table  2-4;  they  consti¬ 
tute  a  first  approximation  of  the  degree  of  difficulty  of  the  site  colloca¬ 
tion  problem. 

Note  in  Table  2-4  that  for  six  random  frequencies  chosen  by  the  model 
(in  addition  to  the  two  emergency  frequencies),  there  are  at  least  86  fre¬ 
quency  sets  out  of  the  100  which  present  no  intermodulation  problems  other 
than  the  two  2f  problems  previously  noted  with  the  emergency  frequencies. 
This  bounds  the  collocation  problem  and  indicates  that  collocation  with 
this  number  of  frequencies  is  possible  if  frequency  engineering  is  properly 
performed  to  select  a  set  which  comes  from  the  86  or  more  best  sets.  This 


TABLE  2-3 


STANDARD  INPUT  VALUES  FOR  COMPUTER  RUNS 


Input  Parameter  Value 


Number  of  Iterations 
Delta-F 

Number  of  VHF  Frequencies 
VHF  Spacing 

Number  of  UHF  Frequencies 
UHF  Spacing 

VHF  Emergency  Frequency 
UHF  Emergency  Frequency 
VOR  Frequency 
FM  Broadcast 
Intermodulation  Tests 


100 

,1,  .05,  .02,  or  .01  MHz 
3,  6,  9,  or  12 
1.000  MHz 
3,  6,  9,  or  12 
1.500  MHz 
121.5  MHz 
243.0  MHz 
108.0-118.0 
88.0-108.0 
2f  -  f 
2f  +  f’ 
f  -  f* 

.  f  +  f 
2f 
3f 


engineering  would  be  performed  by  the  computer  programs  and  tools  previ¬ 
ously  developed  and  used  by  the  FAA.  Good  frequency  management  lessens 
the  occurrence  of  the  second-  and  third-order  products  as  a  problem;  it 
creates  the  best  foundation  for  the  solution  of  other  interference  problems 
that  are  beyond  the  scope  of  this  model . 

As  can  also  be  seen  in  the  presentation  of  data  in  Table  2-4,  for  12 
frequencies,  there  is  a  30  percent  chance  that  a  suitable  frequency  set 
may  be  chosen  to  minimize  or  eliminate  intermodulation  problems .  The 
possibility  of  selecting  a  set  which  contains  no  intermodulation  problems 
for  18  and  24  frequencies  does  not  exist  for  two  values  of  Delta-F  (0.05 
and  0.1  MHz).  A  detailed  discussion  of  the  values  of  Delta-F  is  necessary 
here  to  permit  proper  interpretation  of  the  data. 

Since  this  model  has  not  been  designed  to  consider  directly  signal 
amplitudes  of  intermodulation  products  (since  the  data  were  not  avail¬ 
able),  the  value  chosen  for  Delta-F  must  have  significance  in  practical 
terms.  A  value  of  20  kHz  was  chosen  for  Delta-F  since  it  corresponds  to 
the  -80  dB  point  in  the  receiver  pass  band  specification  (as  defined  in 
Appendix  A).  This  is  taken  as  a  worst-case  value.  A  computer  model 
modified  to  include  all  data  on  amplitudes  expected  for  specific  trans¬ 
mitters  and  receivers  in  chosen  scenarios  may  in  fact  indicate  that  fewer 


TABLE  2-4 


RESULTS  FOR  STANDARD  INPUT  VALUES 


Delta-F 

MHz 


Number  of 
Random 
Frequencies 


Average 
Number  of 
Conflicts 


Percent  of 
Frequency  Sets 
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As  noted  in  Table  2-4,  the  number  of  available  frequency  sets  which 
produce  no  significant  problems  greatly  decreases  for  large  numbers  of 
random  frequencies  and  large  values  of  Delta-F.  This  is  graphically  shown 
in  Figure  2-7.  At  Delta-F  =  20  kHz,  the  opportunity  exists  (18  percent) 
to  locate  a  frequency  set  for  12  VHF  and  12  UHF  frequencies  (plus  the 
emergency  channels),  which  poses  no  significant  second-order  or  third- 
order  intermodulation  problems.  However,  when  the  FAA  performs  a  detailed 
analysis  of  a  possible  site  implementation  and  examines  the  possible  sets 
of  frequencies  capable  of  coexisting  with  other  services  and  broadcast 


R  VARIOUS  DELTA- 


facilities  located  nearby,  then  the  number  of  frequency  sets  practically 
possible  may  be  greatly  diminished.  Following  Is  an  ex£unlnation  of  other 
potential  sources  of  Interference. 

2.2.2  FM  Interference  Results 


A  broadcast  band  FM  transmitter  could  possibly  be  located  near  the 
site  of  the  FAA  conmunlcatlons  facility.  This  FM  signal  presents  a  wide¬ 
band,  potentially  high-power  interfering  source  whose  interference  with  a 
communications  site  has  been  simply  modeled.  In  this  case,  the  inter- 
modulation  product  from  the  FM  broadcast  band  transmitter  has  a  band  of 
frequencies  that  it  can  assume.  As  a  first  approximation,  the  FM  band¬ 
width  is  assumed  to  be  50  kHz.  A  repetition  of  the  previous  analysis  for 
Oelta-F  >  20  kHz  with  the  inclusion  of  an  additional  FM  frequency  yields 
the  results  shown  in  Figtire  2-8. 

The  consideration  of  an  FM  frequency  increases  the  average  number  of 
intermodulation  products.  A  detailed  analysis  of  the  interference  would 
yield  a  better  definition  of  the  complex  signal  generated,  its  duration, 
and  the  effect  of  such  a  signal  at  a  relatively  constant  amplitude  and 
duration.  Such  an  analysis  is  beyond  the  capabilities  of  this  model  and 
beyond  the  scope  of  this  study.  However,  the  model  shows  that  the  addi¬ 
tion  of  a  wideband  signal  can  greatly  affect  the  number  of  offensive 
intermodulation  products.  The  actual  audible  effect  of  the  interference, 
though,  will  be  markedly  different  for  a  wideband  FM  signal  than  an  AM  VHF 
or  UHF  signal,  as  previously  considered  with  the  other  frequencies  in  the 
close  frequency  sets. 

2.2.3  VOR  Results 

A  VOR  or  a  VORTAC  is  another  type  of  signal  which  may  have  great 
impact  on  the  collocation  problem.  The  VOR,  though  a  high-power  constant 
signal  with  a  complex  spectrum,  can  be  viewed  as  an  interfering  signal, 
much  as  another  on-site  transmitter  would  be  viewed.  From  the  results  of 
the  analysis  that  appears  in  Figure  2-7,  it  can  be  seen  that  the  VOR  does 
create  additional  problems.  However,  it  does  not  contribute  the  same  mag¬ 
nitude  of  problems  as  the  FM  signal,  due  to  the  narrowband  nature  of  the 
VOR  signal.  What  can  be  drawn  from  this  analysis  is  that  the  FM  signal 
and  the  VOR  signal  are  high-power  and  constant  in  nature  and  have  complex 
intermodulation  products  that  must  be  taken  into  detailed  account.  The  FM 
signal  presents  a  serious  (although  not  insurmountable)  problem  which  must 
be  considered.  The  VOR  presents  interference  to  the  communications  equip¬ 
ment  as  a  collocated  high-power  emitter  which  is  also  potentially  affected 
in  its  operation  as  a  navigation  facility  by  the  communications  equip¬ 
ment.  This  quick- look  analysis  indicates  that  such  a  location  produces 
significant  problems  from  an  intermodulation  aspect.  Other  difficulties 
with  such  an  implementation  are  explored  in  greater  detail  in  Chapter 
Three . 

Despite  its  limitations  in  scope,  the  computer  model  does  represent  a 
powerful  tool  for  presenting  a  quick-look  analysis  of  intermodulation  pro¬ 
ducts  and  the  problems  which  they  can  cause.  The  feasibility  issue  has 
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initially  been  bounded  from  an  intennodulation  point  of  view.  It  is  feas¬ 
ible  to  engineer  the  frequency  selection  of  collocated  frequencies  to  mini¬ 
mize  second-order  and  third-order  products  which  are  problems  for  receivers 
located  on-site. 

As  a  result  of  this  analysis,  the  collocation  of  up  to  12  frequencies 
appears  highly  probable  and  technically  feasible.  As  the  number  of  fre¬ 
quencies  exceeds  12,  however,  the  number  of  suitable  frequency  sets  de¬ 
creases  dramatically,  indicating  the  increased  difficulty  with  collocation, 
although  technical  success  is  not  precluded.  Maximum  flexibility  must  be 
allowed  to  solve  site-specific  problems  that  will  further  complicate  the 
success  of  collocation.  Chapter  Three  addresses  practical  considerations 
surrounding  the  use  of  the  best  techniques  to  reduce  other  interference 
problems . 
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CHAPTER  THREE 


PRACTICAL  CONSIDERATIONS  FOR  CONSOLIDATION  AND  COLLOCATION 


3.1  CONSOLIDATION  AND  COLLOCATION  OP  AIR  TRAFFIC  CONTROL  FACILITIES 

For  many  years,  the  FAA  has  recognized  the  economic  and  operational 
advantages  of  collocating  VHF  and  CJHF  transmitting  and  receiving  facili¬ 
ties;  but  the  transmitters  and  receivers,  reflecting  earlier  technology, 
have  not  been  capable  of  delivering  satisfactory  performance  when  collo¬ 
cated.  In  certain  specialized  cases,  such  as  mountain-top  radar  sites, 
where  normal  horizontal  separation  of  antennas  and  Isolation  of  equipment 
was  Impossible,  extraordinary  measures  were  employed  to  achieve  acceptable 
perfonoance.  This  was  a  significant  technological  achievement  In  view  of 
the  marginal  characteristics  of  the  available  transmitters  and  receivers. 

The  National  Airspace  System  Plan  and  various  other  official  planning 
documents  dealing  with  the  communications  and  navigation  requirements  of 
the  Air  Traffic  Control  system  In  the  United  States,  dating  to  1970,  have 
predicted  a  need  for  the  collocation  of  facilities.  Most  of  the  communi¬ 
cations  equipment  In  the  operational  Inventory  was  not  suitable  for  collo¬ 
cation,  and  the  replacement  rates  (providing  new  transmitters  and  receiv¬ 
ers)  were  insufficient  to  support  any  widespread  collocation  effort. 

Older  equipment,  not  suitable  for  collocation,  would  have  presented  sig¬ 
nificant  engineering  problems . 

In  1966,  the  FAA  and  the  Department  of  Defense  jointly  supported  a 
project  to  produce  a  new  f2unily  of  specifications  of  VHF  and  UHF  trans¬ 
mitters,  receivers,  and  transceivers  that  were  Intended  for  application  In 
a  collocated  air  traffic  control  environment.  (A  copy  of  the  original 
transmitter  and  receiver  specifications  Is  provided  in  Appendix  A  of  this 
report.)  This  new  family  of  equipment  featured  exceptional  reliability. 
Immunity  from  power  line  fluctuations,  minimum  radiation  of  harmonics  and 
Intermodulation  products,  and  receivers  with  Improved  selectivity  and 
excellent  dynamic  range.  New  generation  communications  equipment  Is  still 
procured  with  reference  to  this  family  of  specifications.  Such  equipment 
Is  well  suited  for  collocation,  but  will  require  a  number  of  additional 
components  to  assure  the  level  of  Isolation  required  among  the  units  In  a 
busy  air  traffic  control  environment. 


Currently,  the  Natxonal  Airspace  System  Plan  requires  the  Federal 
Aviation  Administration  to  proceed  with  the  collocation  of  facilities. 

The  overall  cost  reductions  (through  the  elimination  of  remote  transmitter 
and  receiver  sites)  continue  to  attract  the  attention  of  system  planners. 
Cost  reductions  are  more  impressive  whan  navigation  sites  (VOR  or  VORTAC) 
are  included,  but  the  engineering  problems  associated  with  such  colloca¬ 
tions  have  been  largely  overlooked  by  system  planners .  The  following  sec¬ 
tions  present  some  of  the  more  apparent  advantages  and  disadvantages  of 
collocation  in  the  current  environment. 


3.1.1  Advantages  of  Site  Consolidation  and  Equipment  Collocation 

The  relocation  of  off-airport  facilities  has  been  recommended  as  a 
means  of  reducing  annual  support  costs.  Some  of  the  areas  of  expected 
savings  are: 

Reduced  costs  for  off-airport  properties 

-  Reduced  costs  for  off-airport  leased  communications  circuits 

-  Reduced  travel  costs  for  technicians  performing  maintenance 

-  Reduced  number  of  facilities  requiring  backup  power 

-  Reduced  security  risks  associated  with  off-airport  property 

-  Reduced  maintenance  manpower  requirements 

3.1.2  Disadvantages  of  Site  Consolidation  and  Equipment  Collocation 

While  the  advantages  of  collocation  are  primarily  economic  in  nature, 
the  disadvantages  are  primarily  operational  and  technical.  They  involve 
the  adverse  effects  of  multiple  antennas  on  a  small  piece  of  property,  the 
impact  of  strong  transmitted  signals  on  nearby  receivers,  and  the  employ¬ 
ment  of  isolation  and  attenuation  devices  not  previously  required  on  the 
remotely  located  facilities.  Some  of  the  more  significant  considerations 
are: 

-  Reduced  isolation  between  transmitters  and  receivers 

-  More  severe  intermodulation  products 

-  Increased  possibility  of  interference 

-  Additional  cost  of  isolation  devices 

-  Transmitter  and  receiver  attenuation  due  to  isolation  devices 

-  Amplifiers  required  to  compensate  for  filter  losses 


Additional  cost  of  collinear  (gain-type)  antennas 


1 
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In  consolidating  a  large  number  of  transmitting  and  receiving  facil¬ 
ities  within  the  confines  of  a  small  site,  few  types  of  interference  can 
be  neglected.  The  design  engineer's  goal  must  be  the  creation  of  an  oper¬ 
ating  environment  totally  capable  of  performing  the  air  traffic  control 
mission,  with  total  system  performance  achieving  the  capability  of  the 
isolated  environment  as  nearly  as  possible.  Where  physical  isolation 
cannot  be  obtained,  electrical  isolation  must  be  provided. 

Where  system  performance  may  be  degraded,  means  must  be  provided  for 
recovering  or  restoring  the  performance .  If  suitable  isolation  devices 
are  not  currently  in  the  established  inventory,  they  must  be  obtained, 
even  if  some  new  develo^ent  may  be  involved.  Some  of  the  facts  that  must 
be  considered  are  the  following: 

-  Horizontal  separation  of  antennas  may  not  be  sufficient. 

-  Isolation  devices  of  all  types  may  have  to  be  employed. 

-  Losses  due  to  filter  components  may  be  excessive . 

-  Compensation  for  filter  losses  may  require  additional  antenna  gain 

-  The  interference  problem  is  further  complicated  by  radar,  naviga¬ 
tion  aids,  and  other  sources  of  interference. 

-  Interference-free  operation  requires  establishing  and  maintaining 
a  delicate  working  relationship  with  all  of  the  equipment  and 
other  sources  of  radiation. 

-  Each  collocated  site  will  be  unique,  even  though  employing  stan¬ 
dard  engineering  practices  and  isolation  devices . 

-  Future  frequency  changes  or  additions  will  require  careful 
planning. 


3.2  HARDWARE  CONSIDERATIONS 

When  locating  a  number  of  transmitters  and  receivers  on  a  small  piece 
of  real  estate,  careful  attention  must  be  directed  toward  the  selection  of 
operational  frequencies .  A  number  of  suitable  computer  programs  have  been 
developed  for  the  ready  recognition  of  obvious  intermodulation  problems , 
i.e.,  frequencies  that  will  produce  intermodulation  products  (interfer¬ 
ence  )  on  the  designated  operating  channels . 


Not  all  of  these  computer  programs  will  identify  receiver  image  fre¬ 
quency  responses  or  interference  developed  on  the  receiver  intermediate 
frequencies  (IF).  System  engineers  in  the  air  traffic  control  service 
will  continue  to  require  the  assistance  of  frequency  management  resources 
to  avoid  the  obvious  frequency-related  interference  problems. 


In  most  cases,  system  engineering  also  must  include  a  greater  jusount 
of  isolation  than  the  best  transmitters  and  receivers  normally  provide. 

The  euBOunt  of  isolation  required,  and  the  number  of  external  devices  to  be 
employed,  will  be  determined  largely  by  the  number  of  transmitters  and 
receivers  to  be  collocated. 

Besides  the  transmitters  and  receivers,  system  engineers  also  must 
consider  the  various  types  of  isolation  devices  to  be  employed,  and  the 
types  of  antennas  to  be  installed  as  well  as  the  location  of  those  anten¬ 
nas  with  respect  to  each  other. 

3.2.1  Transmitters  and  Receivers 

Tradlonally,  the  ATC  system  has  included  a  mix  of  old  and  new  equip¬ 
ment.  The  older  equipment,  including  both  vacuum  tube  types  and  transis¬ 
torized  models,  reflected  designs  for  100  kHz  channel  spacing  and  lower 
density  installations.  These  classes  of  equipment  are  not  suitable  for 
collocation  in  high-density  sites.  They  should  be  replaced  by  their  more 
modern  counterparts  designed  for  25  kHz  channel  spacing  and  the  rigors  of 
collocated  facilities. 

The  earliest  VHF  transmitters  suitable  for  collocation  included  the 
AN/GRT-18  and  AN/GRr-21.  Both  were  developed  to  satisfy  stringent  reli¬ 
ability  and  collocation  requirements  set  down  in  modern  performance  speci¬ 
fications.  Both  equipments  included  50-watt  linear  amplifiers  that  may  be 
employed  with  the  normal  10-watt  exciters  for  those  applications  needing 
greater  coverage,  or  to  compensate  for  the  losses  encountered  in  the  iso¬ 
lation  devices  needed  for  collocation. 

Hew  generation  equipment  must  meet  stringent  collocation  specifica¬ 
tions  and  must  be  phased  into  service  to  replace  aging  devices.  For  ex¬ 
ample,  older  UHF  transmitters  are  not  likely  to  possess  the  desired  reli¬ 
ability,  and  they  tend  to  complicate  management  of  intermodulation  prob¬ 
lems  inherent  in  a  collocated  facility.  Older  receivers  may  experience 
severe  degradation  of  performance  when  confronted  by  the  combined  signals 
of  numerous  collocated  transmitters.  Local  oscillator  radiation  from  the 
older  receivers  also  may  cause  interference.  Even  recently  manufactured 
UHF  transmitters  may  not  satisfy  the  stringent  collocation  requirements  of 
the  early  specification.  These  new  UHF  transmitters  should  be  svibjected 
to  a  stringent  test  and  measurement  program  before  they  are  included  in 
the  design  of  a  collocated  facility. 

The  earliest  VHF  receivers  developed  and  manufactured  to  meet  the 
stringent  collocation  environment  included  the  AH/GRR-23  and  AN/GRR-25. 
These  two  receivers  possessed  the  reliability  desired,  and  were  designed 
to  operate  successfully  in  proximity  with  other  receivers  and  trans¬ 
mitters.  Their  UHF  counterpart,  the  AN/GRR-24,  reflected  many  of  the  same 
design  features  and  was  developed  for  the  severe  collocation  environment. 
All  of  these  receivers  (VHF  and  UHF)  were  developed  for  the  50  kHz  channel 
spacing  of  the  present  Air  Traffic  Control  system.  All  accepted  an  IF 


modification  module  for  25  kHz  channel  spacing.  More  recently  manufac¬ 
tured  VHF  and  UHF  receivers  may  not  satisfy  stringent  collocation  require¬ 
ments  embodied  in  the  original  specification.  Again,  these  receivers 
should  be  subjected  to  a  test  and  measurement  progreun  before  they  are 
included  in  the  design  of  a  collocated  facility. 

The  AN/GRR-(  )  and  AN/GRr-(  )  were  developed  according  to  competent 
performance  specifications  that  Included  the  capability  to  operate  in  an 
inhospitable  (unfriendly)  environment  of  high  signal  density,  including 
radar  pulse  interference.  With  an  established  reliability  figure  of 
10,000  hours  MTBF,  much  of  this  equipment  is  nearing  the  end  of  its  normal 
service  life.  New  equipment  procured  for  the  ATC  service  should  include 
similar  reliability  requirements.  The  original  specifications  containing 
the  required  performance  factors  for  collocation  are  included  in  this 
report  as  Appendix  A  and  provide  the  basis  for  the  development  of  more 
modern  specifications  reflecting  the  same  performance  capabilities.  New 
equipment  should  be  subjected  to  a  test  and  measurement  program  to  verify 
their  compliance  with  current  specifications  and  more  stringent  present 
requirements  for  collocated  equipment. 

3.2.2  Isolation  Devices 

Every  transmitter  and  receiver,  regardless  of  design  or  inherent 
quality,  must  have  some  degree  of  isolation  to  achieve  satisfactory  per¬ 
formance.  In  a  collocated  air  traffic  control  facility,  geographic  iso¬ 
lation  is  limited  by  the  small  dimensions  of  the  site.  These  dimensions 
determine  the  maximum  separation  distance  between  antennas,  the  separation 
between  transmission  lines,  and  the  density  of  installed  transmitters  and 
receivers  inside  the  service  building.  When  these  dimensions  do  not  pro¬ 
vide  the  isolation  required  for  normal  satisfactory  performance,  addi¬ 
tional  devices  must  be  employed  to  increase  the  electrical  isolation  be¬ 
tween  interfering  systems.  These  devices  may  be  regarded  as  the  de¬ 
signer's  tools  for  selective  insertion  between  interfering  systems. 

The  cost  of  isolation  devices  is  measured  in  two  different  dimen¬ 
sions:  (1)  the  number  of  dollars  for  procuring  the  device,  and  (2)  atten¬ 

uation  or  signal  loss  to  be  experienced  with  the  device  installed.  For 
transmitters,  signal  losses  will  reduce  the  effective  radiated  power  (ERP) 
of  the  system.  For  receivers,  the  losses  will  reduce  the  receiver  sensi¬ 
tivity.  If  the  accumulated  signal  losses  become  excessive,  they  must  be 
compensated  for  by  other  devices  to  increase  system  gain,  e.g.,  amplifiers 
or  antennas  with  more  than  unity  gain.  Added  amplifiers  or  antennas  then 
will  Increase  the  total  dollar  cost  of  the  system. 

One  of  the  most  effective  and  valuable  isolation  devices  in  a  collo¬ 
cated  VHF/UHF  installation  is  the  simple  (and  passive)  low-pass  filter 
(LPF) .  The  second  and  third  harmonics  of  the  VHF  transmitter  will  be 
attenuated  by  more  than  50  dB  at  the  filter  and  generally  will  not  be  a 
problem  in  the  UHF  receivers.  In  multiple  VHF  transmitter  installations 
involving  air  traffic  control,  the  second  and  third  harmonics  will  be 
attenuated  and  will  not  figure  prominently  in  the  generation  of  higher 


(third,  fourth,  and  fifth)  order  intermodulation  products.  In  multiple 
VHF  installations,  or  in  combined  VHF/UHF  installations,  the  low-pass 
filter  should  be  engineered  into  the  output  of  each  VHF  transmitter,  and 
should  be  located  as  close  as  possible  to  the  output  port  of  the  trans¬ 
mitter.  Table  3-1  lists  prominent  second,  third,  fourth,  and  fifth  order 
products  resulting  from  only  three  common  VHF  sources.  Note  that  the 
second-order  and  third-order  intermodulation  products  of  VHF  frequencies 
may  fall  within  the  UHF  band.  The  low-pass  filter,  however,  will  elimin¬ 
ate  virtually  all  of  the  listed  intermodulation  products  containing  a  "2f" 
or  "3f"  factor. 

In  collocated  VHF/UHF  transmitter  facilities,  a  high-pass  filter 
(HPF)  is  beneficial  in  each  UHF  transmitter  output.  It  assures  further 
attenuation  of  any  VHF  transmitter  signal  attempting  to  reach  a  UHF  trans¬ 
mitter  output  stage.  For  suppression  of  harmonics  in  the  UHF  transmitter, 
a  low-pass  or  a  band-pass  filter  would  be  more  effective;  however,  the 
low-pass  filter  will  not  attenuate  arriving  VHF  signals,  and  the  band-pass 
filter  usually  creates  additional  power  loss  into  the  transmission  line. 
The  high-pass  filter  therefore  emerges  as  a  compromise,  attenuating  the 
arriving  VHF  signals  but  introducing  a  minimum  of  transmission  loss  (on 
the  order  of  0.5  dB) .  The  compromise  also  may  include  a  cavity-type 
multicoupler,  which  not  only  provides  excellent  band-pass  characteristics 
but  also  provides  a  high  degree  of  isolation  between  the  transmitters 
connected  to  the  multicoupler. 

A  UHF  multicoupler  is  valuable  for  collocating  multiple  UHF  trans¬ 
mitters.  It  provides  approximately  60  dB  of  isolation  between  transmit¬ 
ters,  provides  band-pass  characteristics  to  suppress  both  harmonics  and 
lower  frequency  intrusions,  and  permits  four  UHF  transmitters  to  feed  a 
single  antenna.  In  the  most  severe  collocation  sites,  such  as  mountain- 
top  radar  installations,  the  UHF  receivers  also  can  use  the  same  antenna 
connected  to  the  transmitters.  This  technique  is  not  recommended  for 
standard  air  traffic  control  facilities,  where  it  is  possible  to  provide 
separate  receiving  antennas  with  a  degree  of  physical  separation. 

A  VHF  multicoupler  equal  or  superior  to  the  UHF  CU-547  should  be 
developed  and  provided  to  the  air  traffic  control  community  as  an  addi¬ 
tional  tool  for  collocation.  Insertion  losses  should  not  exceed  2  dB 
(0.5  dB  desired),  with  isolation  between  transmitter  input  ports  in  the 
order  of  55  to  60  dB.  These  design  parameters  may  require  the  use  of 
large  VHF  cavities  (for  high-Q  circuits),  but  will  promote  the  success  of 
high-density  collocated  VHF/UHF  facilities. 

When  collocating  with  a  VOR  facility,  or  in  proximity  with  a  high 
powered  VHF/FM  broadcast  station,  VHF  circulators  and  VHF  band-reject 
cavities  may  be  required.  These  tools  are  readily  available  from  estab¬ 
lished  manufacturing  sources . 


TABLE  3-1 


SAMPLE  OF  SECOND-,  THIRD-,  FODRTH-,  AND  FIFTH-ORDER 
INTERMODULATION  PRODUCTS  FROM  THREE  VHF  SOURCES 
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3.2.3  Antennas 


In  the  collocated  environment,  a  minimvon  number  of  antennas  on  the 
site  is  desired.  The  application  of  6-  or  12-channel  active  receiver 
multicouplers  should  enable  all  VHF  receivers  to  use  a  single  anteiuia,  and 
all  tJHF  receivers  to  use  a  single  antenna.  Isolation  devices  should  then 
be  required  on  only  one  VHF  receiver  transmission  line  and  on  one  UHF 
receiver  transmission  line.  The  active  multicoupler  should  have  a  large 
dynamic  range  and  should  provide  a  high  degree  of  isolation  between 
individual  receivers.  In  a  typical  collocated  VHF/UHF  installation,  the 
active  multicoupler  may  be  operated  at  a  unity-gain  level;  however,  gain 
may  be  available  if  it  should  be  needed. 

In  the  more  difficult  installations,  where  the  application  of  multi¬ 
ple  isolation  devices  has  attenuated  the  transmitter  output  below  the 
desired  radiation  level,  it  will  probably  be  necessary  to  employ  a  verti¬ 
cal  antenna  with  gain.  This  approach  is  more  economical  than  an  increase 
in  transmitter  power  beyond  the  standard  50-watt  amplifier. 

In  most  Installations,  the  standard  VHF  vertical  dipole  antenna  will 
be  adequate  for  both  transmitters  and  receivers.  In  those  installations 
employing  multiple  isolation  devices,  and  therefore  incurring  excessive 
losses,  it  would  be  beneficial  to  employ  a  VHF  antenna  with  inherent 
gain.  While  such  antennas  are  not  common  to  the  air  traffic  control 
environment,  they  represent  a  valuable  tool  for  application  in  those  cir¬ 
cumstances  where  they  are  needed.  The  gain-type  antenna  (preferably  of 
collinear  construction)  would  be  more  economical  than  an  increase  in 
transmitter  power  beyond  the  standard  50-watt  amplifier. 

To  achieve  a  greater  degree  of  electrical  isolation  between  antennas 
than  can  be  obtained  by  horizontal  separation  alone,  a  number  of  antenna 
mounting  structures  providing  vertical  separation  would  be  beneficial. 
These  structures  should  be  constructed  of  dielectric  (nonconducting) 
material  of  sufficient  strength  to  resist  the  effects  of  ice  and  wind 
loading,  and  readily  adaptable  to  the  mounting  of  common  VHF  and  UHF 
antennas.  The  normal  installation  should  be  compatible  with  the  platform 
of  existing  antenna  support  structures  (towers),  with  provisions  for  rota¬ 
ting  or  lowering  the  dielectric  structure  to  platform  level  for  easy  an¬ 
tenna  inspection,  maintenance,  or  replacement.  The  dielectric  structure 
should  provide  for  a  vertical  separation  of  not  less  than  ten  feet  between 
the  upper  and  lower  antennas . 


3.3  A  BASIC  APPROACH  TO  COLLOCATION 

Some  of  the  earliest,  and  mostly  unsatisfactory,  collocation  efforts 
involved  communications  for  ground  control  approach  (GCA)  units,  mobile 
RAPCONs,  and  self-sufficient  air  traffic  control  towers.  Antennas  typic¬ 
ally  were  too  close  to  provide  sufficient  isolation,  and  the  transmitters 
and  receivers  were  not  well  suited  to  a  high-interference  environment. 
Among  the  common  complaints  were  receiver  desensitization,  numerous  inter¬ 
modulation  products,  audio  distortion,  and  channel  cross-talk.  From  this 


background  of  collocation  problems  came  the  development  of  unproved  per¬ 
formance  specifications  for  equipment  to  be  used  in  the  Air  Traffic  Con¬ 
trol  system. 

The  complications  and  complexities  of  collocation  increase  sharply 
with  the  number  of  transmitters  and  receivers  to  be  collocated.  Isolation 
devices  may  be  employed  as  building  blocks.  For  the  collocation  of  small 
numbers  of  transmitters  and  receivers,  few  devices  will  be  required. 
Increasingly  large  numbers  of  isolation  devices  become  necessary  as  the 
numbers  of  transmitters  and  receivers  is  increased. 

For  purposes  of  illustration  and  clarity,  a  sample  site  configuration 
(see  Figure  3-1)  has  been  prepared,  making  use  of  four  antenna  supports  in 
a  square  configuration  not  less  than  65  feet  on  each  side,  with  an  equip¬ 
ment  building  in  the  center.  (Current  FAA  procedures  specify  a  minimum 
separation  of  80  feet.)  Three  of  the  platforms  are  employed  for  mounting 
transmitting  antennas;  the  fourth  platform  is  dedicated  to  receiving  an¬ 
tennas.  One  VHF  and  one  UHF  antenna  are  mounted  on  each  platform,  vertic¬ 
ally  separated  approximately  10  feet  by  a  dielectric  antenna  mounting 
fixture.  These  basic  building  blocks  are  common  to  all  sites,  with  addi¬ 
tional  isolation  devices  employed  as  the  number  of  transmitters  and  re¬ 
ceivers  is  increased.  Saimple  configurations  have  been  prepared  for  three, 
six,  nine,  and  twelve  transmitters  and  receivers  on  each  band  (VHF  and 
UHF) . 


Existing  buildings  at  some  locations  may  not  physically  be  of  suffi¬ 
cient  size  to  house  the  collocated  transmitters  and  receivers,  along  with 
their  additional  isolation  devices.  This  problem  will  be  especially 
troublesome  on  the  sites  with  more  collocated  frequencies,  especially 
where  cavity-type  multicouplers  or  band-reject  cavities  may  be  required. 
The  enlargement  or  expansion  of  an  existing  building  usually  will  be  more 
economical  than  the  construction  of  a  new  facility.  Each  site  requires  a 
separate  engineering  survey  to  define  work  to  be  accomplished. 


3.3.1  Three  VHF/Three  UHF  channels 


This  configuration  (Figures  3-2  and  3-3)  offers  little  challenge  to 
the  design  engineer  and  can  easily  be  accomplished.  Each  transmitter  (Tx) 
is  provided  with  its  own  dedicated  antenna  on  one  corner  of  the  square, 
and  each  pair  of  antennas  (VHF  and  UHF)  is  vertically  separated  by  ten 
feet.  Each  VHF  transmitter  is  equipped  with  a  low-pass  filter;  each  UHF 
transmitter  is  equipped  with  a  high-pass  filter.  A  VHF  active  multi¬ 
coupler  (M/C)  feeds  all  three  receivers  (Rxs);  the  single  transmission 
line  from  the  antenna  is  fitted  with  a  low-pass  filter.  A  UHF  active 
multicoupler  feeds  all  three  UHF  receivers;  the  single  UHF  transmission 
line  is  equipped  with  a  high-pass  filter. 

3.3.2  Six  VHF/Six  UHF  Channels 
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SIGNAL  LOSSES  FOR  TWELVE  FREQUENCIES 


addition  to  the  site  Inventory  Is  a  cavity-type  multicoupler.  For  UHF, 
this  may  be  the  well-known  CU-547  or  an  equivalent;  for  VHF,  It  Is  possi¬ 
ble  that  a  new  device  may  be  required.  Electrically/  the  cavity-type 
multicoupler  does  not  present  a  design  challenge  for  either  band;  however/ 
the  cavities  are  sufficiently  large  to  demand  Installation  space/  and  will 
contribute  to  the  crowding  of  Internal  equipment  on  the  site.  A  VHF  cavity 
raultlcoupler  of  the  same  characteristics  probably  would  be  f loor-mo\uted 
or  wall-mounted  because  of  the  larger  cavity  size. 

Losses  associated  with  additional  filters  will  Impact  upon  the  power 
output  from  the  transmitters/  resulting  In  approximately  a  4.5  dB  cumula¬ 
tive  loss  In  the  VHF  system/  for  an  effective  radiated  power  level  of  3.5 
watts  from  a  10-watt  transmitter.  The  50-watt  amplifier  will  produce  an 
effective  radiated  potrar  of  17.8  watts. 

Hote  that  the  UHF  losses  are  scxnewhat  greater.  Primarily  because  of 
transmission  line  losses/  the  EBP  from  a  10-watt  OHF  transmitter  is  only 
2.24  watts.  With  the  50-watt  amplifier/  the  EBP  is  raised  to  11.22  watts. 

If  additional  power  should  be  required  because  of  extended  range 
coverage  or  other  factors.  It  Is  recommended  that  an  antenna  with  gain  be 
Installed  (for  either  VHF  or  UHF).  An  antenna  providing  6  dB  of  gain  will 
raise  the  EBP  to  four  times  the  level  specified  above/  whether  the  10-watt 
or  50-watt  transmitters  are  used. 

A  high  degree  of  sophistication  is  not  required  to  achieve  Isolation 
of  the  receiving  system  from  either  the  collocated  transmitters  or  the 
other  receivers.  A  low-pass  filter  should  be  Included  In  the  VHF  receiver 
transmission  line  between  the  antenna  and  the  multichannel  active  multi¬ 
coupler.  The  multicoupler  itself  should  provide  at  least  60  dB  of  Isola¬ 
tion  between  Individual  receivers. 

The  UHF  receivers  reflect  approximately  the  s£une  configuration,  ex¬ 
cept  that  a  high -pass  filter  Is  Incorporated  between  the  antenna  and  the 
active  multicoupler.  Even  with  the  multicouplers  adjusted  for  no  gain, 
the  VHF  receivers  should  deliver  a  sensitivity  of  -100.5  dBm  (approxi¬ 
mately  2  microvolts)  and  the  UHF  receivers  -98.5  dBm  (corresponding  to 
approximately  2.5  microvolts).  Increasing  the  gain  of  the  multicoupler 
(with  some  corresponding  increase  in  the  noise  figure)  or  installing  a 
gain  type  antenna  on  the  receiving  system  should  boost  receiver  perform¬ 
ance  if  required. 

When  using  the  available  isolation  tools  in  a  configuration  similar 
to  the  graphic  illustrations  (Figures  3-4  and  3-5),  the  collocation  of  six 
VHF  transmitters  and  six  UHF  transmitters  with  corresponding  receivers, 
appears  to  be  entirely  feasible.  It  is  recommended  that  existing  computer 
programs  should  be  employed  to  avoid  the  assignment  of  frequencies  produc¬ 
ing  obvious  intermodulation  problems. 


3.3.3 


Up  to  Twelve  VHF/Twalva  OHF  Channels 

Graphic  Illustrations  (Figures  3-6  and  3-7)  have  been  prepared  for 
both  nine  channels  and  twelve  channels;  however,  the  treatment  of  both 
configurations  is  Identical,  using  the  same  tools  to  achieve  the  necessary 
electrical  Isolation  between  major  components. 

As  noted  previously,  when  a  four-channel,  cavity-type  multicoupler  Is 
employed  In  multiples,  maximum  Isolation  between  frequencies  can  be  ob¬ 
tained  by  distributing  the  operating  channels  among  the  multicouplers, 
rather  than  "filling"  one  multicoupler  and  moving  to  the  next.  For  exam¬ 
ple,  if  the  operating  frequencies  are  arranged  according  to  their  Increas¬ 
ing  numerical  value,  frequency  number  one  would  be  assigned  to  the  first 
multicoupler,  frequency  number  two  to  the  second  multicoupler,  etc.  As 
reflected  in  the  graphic  Illustration  for  nine  frequencies,  (Figure  3-6) 
frequencies  1,  4,  and  7  would  appear  on  the  first  multicoupler;  frequen¬ 
cies  2,  5,  and  8  would  be  assigned  to  the  second  multicoupler;  and  fre¬ 
quencies  3,  6,  and  9  would  be  connected  to  the  third  multicoupler. 

The  Illustration  for  12  channels  reflects  the  distribution  of  fre¬ 
quencies  for  the  complete  filling  of  three  four-channel  multicouplers. 

From  both  engineering  and  operational  standpoints,  It  would  be  beneficial 
to  employ  four  of  the  four-channel  multicouplers  (assigning  three  frequen¬ 
cies  to  each)  and  maintain  an  unasslgned  spare  channel  In  each  multi¬ 
coupler.  This  arrangement  provides  additional  flexibility  for  accommoda¬ 
ting  frequency  changes  or  new  frequencies  at  the  collocation  site,  with 
minimum  Impact  on  those  already  assigned  or  those  not  being  changed. 

Space  requirements  may  be  as  severe  as  the  electrical  requirements 
when  configuring  a  high  density  location.  The  CU-547  UHF  multicoupler 
should  be  provided  rack  space,  with  sufficient  clearance  to  allow  free 
movement  of  the  hinged  front  panel  (similar  to  a  cabinet  door).  The 
multicoupler  also  should  be  located  as  close  as  possible  to  transmitters 
to  which  It  Is  connected.  Because  of  their  large  size,  VHF  cavities 
(either  multicoupler  or  band-reject  types)  should  be  either  floor-mounted 
or  wall-mounted.  These  cavities  also  should  be  located  as  close  as  pos¬ 
sible  to  their  corresponding  equipment.  Additional  study  at  each  location 
will  be  required  to  produce  a  suitable  site  layout  and  some  building  modi¬ 
fication  or  expansion  may  well  result. 


3.4  COMPLICATIONS  OF  COLLOCATING  WITH  VOF 

The  collocation  of  communications  equl^ent  with  a  VOR  represents  a 
significant  technical  challenge.  A  multi-frequency  communications  site 
may  require  extensive  engineering  to  ensure  acceptable  functioning  of  all 
equipment.  The  installation  of  a  VOR  by  itself  also  may  require  extensive 
site-specific  engineering  that  does  not  always  guarantee  the  commissioning 
of  the  VOR  without  restrictions  on  certain  radials .  The  combination  of 
both  Into  one  site  for  navigation  and  communications  creates  a  union  which 


may  force  comprcmalses  in  both  functions,  some  of  which  may  not  be  accept¬ 
able.  Therefore,  a  detailed  analysis  must  be  performed  to  determine  the 
probability  of  success  of  such  a  collocation  endeavor  before  significant 
resources  are  expended  on  the  creation,  expansion,  or  modification  of  a 
site. 


The  graphic  illustration  of  a  collocated  VHP/UHF  air  traffic  control 
communications  site  with  a  200-watt  VOR  provides  a  cross-section  of  the 
problem  to  be  confronted  (see  Figure  3-8).  The  VOR  represents  a  strong 
signal  in  close  proximity  to  the  VHF  and  UHF  transmitting  and  receiving 
antennas.  The  ccxnmunications  antennas  are  undesirable  obstructions  in  the 
radiating  field  of  the  VOR  antenna.  Both  problems  must  be  confronted,  and 
system  comprcxaises  must  be  recognized  and  reduced  to  some  acceptable  mini¬ 
mum.  The  facilities  also  must  satisfy  a  commissioning  flight  inspection 
after  all  the  compromises  have  been  negotiated  and  installed. 

3.4.1  Additional  Isolation  Techniques  Required 

The  same  basic  configuration  used  for  collocating  up  to  12  VHF  and 
12  UHF  channels  should  be  regarded  as  the  starting  point  for  collocating 
with  a  VOR  station.  This  includes  a  high-pass  filter  and  a  cavity-type 
multicoupler  for  the  UHF  channels,  along  with  a  low-pass  filter  with  a 
cavity-type  multicoupler  for  the  VHF  channels. 

Besides  these  basic  tools,  the  VHF  transmission  line  may  require  the 
insertion  of  a  ferrite  circulator,  to  attenuate  the  amplitude  of  the  VOR 
signal  entering  the  VHF  transmission  system  (see  Figure  3-9).  The  circu¬ 
lator  will  attenuate  the  VHF  communications  transmitters  by  approximately 
0.5  dB  in  the  forward  direction,  but  will  attenuate  the  VOR  signal  more 
than  20  dB  in  the  reverse  direction.  The  combined  attenuation  of  the  fer¬ 
rite  circulator  and  the  VHF  cavity-type  multicoupler  should  be  sufficient 
to  reduce  the  amplitude  of  all  interfering  VHF  signals  to  an  acceptable 
level . 

In  the  receiver  Installation  (Figure  3-10),  two  additional  isolation 
devices  are  shown  in  the  graphic  illustration  of  the  VHF  system.  A  fer¬ 
rite  circulator  similar  to  that  in  the  transmission  system  is  employed  to 
attenuate  or  reject  any  signal  (intermodulation  product)  emanating  from 
the  receiving  system.  In  addition  to  the  ferrite  circulator,  a  band- 
reject  cavity  has  been  inserted  ahead  of  the  active  multicoupler  specifi¬ 
cally  to  attenuate  the  VOR  signal.  This  band-reject  cavity  will  reduce 
the  impact  of  the  VOR  on  the  VHF  communications  receivers,  and  also  will 
prevent  the  radiation  of  any  intermodulation  product  on  the  VOR  fre¬ 
quency.  The  ferrite  circulator  will  provide  an  additional  20  dB  of  atten¬ 
uation  for  any  signal  attempting  to  travel  outward  on  the  receiver  trans¬ 
mission  line . 

The  UHF  receiving  system  also  has  been  equipped  with  a  ferrite  circu¬ 
lator,  because  of  the  high  (200-watt)  power  level  of  the  VOR,  and  the  pos¬ 
sibility  of  even  a  low  level  intermodulation  product  that  could  be  radi¬ 
ated  on  the  VOR  frequency.  The  high-pass  filter  and  the  ferrite  circu¬ 
lator  should  be  sufficient  for  attenuating  any  VHF  signals  (including  VOR 
band)  that  may  emanate  frcun  the  UHF  receiving  system. 


When  collocating  a  multichannel  communications  facility  with  a  VOR, 
the  communications  antenna  complex  must  be  designed  and  installed  in  a 
manner  that  does  not  preclude  the  commissioning  of  the  VOR  facility.  The 
structural  steel  towers  normally  used  as  antenna  supports  at  air  traffic 
control  transmitter  and  receiver  sites  would  be  major  obstructions  if  in¬ 
stalled  at  a  VOR  site.  These  towers  probably  would  impact  the  course 
structure  of  the  VOR  sufficiently  to  preclude  commissioning  the  facility. 

The  VOR  radiates  a  horizontally  polarized  signal,  while  antennas  used 
for  air  traffic  control  communications  require  vertical  polarization. 

When  installing  conmunications  antennas  at  or  near  a  VOR  facility,  care 
must  be  exercised  to  avoid  any  horizontally  polarized  components  that 
could  intercept  and  reradiate  the  VOR  signal. 

The  VOR  typically  radiates  a  navigation  signal  structure  from  a 
negative  angle  tangent  to  the  counterpoise  (below  the  horizon)  to  a  verti¬ 
cal  angle  approximately  40  degrees  above  the  horizon  (see  Figure  3-8). 
Signal  energy  radiated  below  the  horizon  is  subject  to  ground  reflection, 
and  is  responsible  for  many  of  the  course  errors  and  anomalies  that  com¬ 
plicate  the  creation  of  a  smooth  and  uniform  radio  course  structure.  Any 
significant  reflections  above  the  horizon  usually  cannot  be  tolerated. 

For  minimum  impact  on  a  collocated  VOR  and  minimum  coupling  between 
antennas,  the  communications  antennas  should  be  installed  either  below  the 
radio  horizon  or  above  the  +40  degree  angle  of  the  radiation  pattern.  In 
either  case,  the  support  structures,  should  be  constructed  of  dielectric 
material.  Wood  utility  poles,  frequently  used  for  such  applications,  are 
not  ideal,  since  they  require  either  the  use  of  pole-climbing  equipment  by 
installers  and  maintenance  technicians,  or  the  installation  of  steps  on 
the  poles.  Metal  steps  are  undesirable,  since  they  are  horizontally 
polarized.  A  portable  lift  (cherry  piclcer)  could  be  used  to  accomplish 
maintenance  on  the  communications  antennas,  but  it  would  cause  a  shutdown 
of  the  VOR  while  the  vehicle  is  parked  or  engaged  on  the  site.  As  a  com¬ 
promise,  it  is  desirable  to  develop  a  short  dielectric  structure  that  can 
be  mounted  on  the  periphery  of  the  VOR  site  (as  illustrated  in  the 
sketch),  with  a  collinear  UHF  antenna  mounted  approximately  at  the  VOR 
horizon,  and  a  collinear  VHF  antenna  below  the  VOR  horizon  (see  Figure 
3-8) . 

This  compromise  antenna  configuration  will  lessen  the  impact  on  the 
VOR  signal  structure,  and  in  most  cases  will  deliver  satisfactory  service 
in  the  communications  mission.  The  receiving  antennas  should  be  mounted 
on  the  same  type  of  dielectric  structure.  Both  transmission  lines  should 
be  fitted  with  a  ferrite  circulator  to  prevent  reradiation  of  the  VOR 
signal  or  the  transmission  of  any  intermodulation  products . 

3.4.3  Total  Impact  on  Both  Facilities  (VOR  and  ATC  Communications) 


should  not  complicate  the  unrestricted  ctmimissloning  of  the  navigation 
facility.  Obviously,  the  restricted  height  of  the  communications  antennas 
will  have  some  impact  on  their  low  altitude  coverage,  which  may  affect 
their  unrestricted  commissioning. 

During  the  selection  of  locations  for  mounting  the  communications 
antennas,  the  most  Important  primary  geographic  areas  of  coverage  should 
be  determined.  If  the  VOR  will  be  located  on  a  federal  airway,  the  anten¬ 
nas  and  their  supports  should  be  programmed  for  locations  providing  the 
least  restrictions  along  the  airway.  If  using  the  ’'square”  installation 
of  four  antenna  struct\ires  (as  in  the  graphic  illustrations),  two  sides  of 
the  square  should  be  parallel  to  the  primary  airway  to  minimize  the  shadow 
effect  cast  by  the  building. 

Within  the  VOR  building,  some  crowding  of  equipment  may  occur.  How¬ 
ever,  direct  radiation  between  equipments  should  not  be  a  problem,  if  all 
transmitters  and  receivers  were  developed  and  produced  according  to  speci¬ 
fications  for  collocated  air  traffic  control  devices.  The  cavity-type  VHP 
multicouplers  probably  should  be  mounted  on  the  walls  of  the  structure 
even  though  the  UHF  multicouplers  will  be  rack-  or  cabinet-mounted.  VHP 
transmitters  should  be  mounted  near  the  multicoupler  to  which  they  are 
connected;  the  same  procedure  should  be  followed  for  the  UHP  transmitters. 

Por  maximum  transmitter /receiver  isolation,  one  side  of  the  VOR 
building  should  be  reserved  for  the  radio  receivers  and  their  active 
multicouplers.  Transmission  lines  should  be  kept  as  short  as  possible, 
both  for  minimizing  losses  and  minimizing  the  coupling  between  lines. 
Transmission  lines  destined  for  each  of  the  four  antenna  structures  should 
not  be  intermingled  in  raceways,  cable  ducts,  or  conduits.  They  should 
maintain  separate  routes  to  their  departure  points  from  the  building. 

As  previously  mentioned  (Section  3.1.1),  there  are  many  economic 
advantages  to  collocation  of  equipment,  including  the  collocation  of  com¬ 
munications  equipment  with  navigation  equipment  (as  in  a  VOR).  There  are 
technical  disadvantages  (as  detailed  in  Section  3.1.2  and  others)  which 
must  be  examined  on  a  configuration -by-configuration  basis  to  determine 
the  feasibility  and  practicality  of  the  success  of  collocation.  There  is 
great  technical  difficulty  in  collocating  a  VOR  with  up  to  12  channels  of 
VHP  radio  and  12  channels  of  UHP  radio.  However,  if  collocation  is  pur¬ 
sued,  the  class  of  equipment  in  the  current  inventory,  together  with  iso¬ 
lation  devices  now  available  or  under  development,  will  enable  the  PAA  to 
collocate  and  operate  the  facilities  in  a  satisfactory  manner.  Losses  to 
be  sustained  in  the  isolation  devices  will  be  compensated  by  use  of  high 
gain  antennas,  more  powerful  amplifiers,  or  both. 

As  an  added  precaution,  the  communications  frequencies  employed  at 
the  site  should  not  produce  any  calculable  intermodulation  products  on  the 
frequency  of  the  VOR.  In  addition,  the  VOR  frequency  should  be  entered 
into  the  scune  computer  exercise  with  the  communications  frequencies  to 
avoid  intermodulation  products  on  the  air  traffic  control  channels. 


Frequency  cheuiges  at  such  a  collocated  VOR/communlcations  station 
must  be  approached  cautiously,  and  will  require  exercising  the  same 
computer  prograua.  Physical  changes  (equipment,  antennas,  transmission 
lines ,  etc . )  during  the  life  of  the  site  also  must  be  approached 
cautiously,  to  avoid  the  Introduction  of  new  problems. 


3.5  COMPLICATIONS  OF  COLLOCATION  PLUS  VHF/FM  BROADCAST  STATION 

When  considering  the  collocation  of  communications  equipment  with  an 
FM  broadcast  station  (operating  between  88  and  108  MHz),  a  different  set 
of  problems  may  arise.  The  dominant  Interference  will  be  the  FM  on  the 
FAA  communications  channel.  The  site  configuration  for  the  communications 
equipment  will  not  cheuige  (see  Figure  3-11),  but  great  attention  must  be 
paid  to  alleviating  the  many  possible  opportunities  for  Interference  from 
the  FM  station. 

VHF/FM  stations  exist  In  all  power  classes.  The  most  powerful  sta¬ 
tions  may  radiate  a  signal  as  high  as  100  kW  ERP  (+80  dBm).  Because  of 
antenna  height  limitations  In  the  proximity  of  airports,  a  VHF/FM  station 
probably  will  not  be  located  within  one  mile  of  an  air  traffic  control 
communications  facility  Installed  on  the  airport.  For  purposes  of  this 
assessment,  a  VHF/FM  power  level  of  100  kW  located  at  a  distance  of  one 
mile  from  the  airport  has  been  assumed.  With  a  free  space  path  loss  of 
approximately  80  dB,  the  VHF/FM  signal  will  appear  at  a  level  of  approxi¬ 
mately  0  dBm  at  the  ATC  facility.  This  is  approximately  the  interfering 
signal  level  encountered  with  the  collocated  VOR;  therefore,  it  can  be 
treated  In  a  similar  manner.  Greater  power  levels  and  reduced  separation 
distances  may  require  additional  effort  to  achieve  acceptable  Isolation  of 
the  collocated  equipment. 

3.5.1  Techniques  Required  for  Isolation 

The  graphic  Illustration  for  treating  VHF/FM  station  Interference 
(see  Figure  3-11)  reflects  the  same  techniques  and  devices  prescribed 
earlier  for  the  collocation  plan  with  a  200-watt  VOR  station.  A  ferrite 
circulator  should  be  located  In  each  transmission  line  except  for  the  UHF 
transmitters  (see  Figure  3-12).  Especially  in  the  VHF  transmitter  system 
the  circulator  will  attenuate  the  arriving  signal  more  than  20  dB  before 
it  encounters  any  other  component.  In  the  transmitter  cavity-type  multi¬ 
coupler,  the  Interfering  signal  will  be  rejected  by  the  high-Q  cavities 
(attenuated  more  than  70  dB).  This  should  prevent  the  interfering  signal 
from  encountering  nonlinear  devices  In  the  power  amplifier  and  generating 
unwanted  Intermodulation  products . 

In  the  VHF  receiving  system  ( see  Figure  3-13 ) ,  it  may  be  necessary  to 
employ  a  band-reject  type  of  cavity  filter,  tuned  precisely  to  the  fre¬ 
quency  of  the  interfering  VHF/FM  station.  This  band-reject  cavity  will 
perform  approximately  the  same  mission  (more  than  70  dB  of  signal  attenua¬ 
tion)  as  the  cavity-type  multicoupler  in  the  transmitter  system.  Any 
reflected  power  (Including  Intermodulation  products)  will  be  attenuated  by 
an  additional  20  dB  at  the  ferrite  circulator.  Higher-order  products  will 
also  be  attenuated  by  the  low-pass  filter  by  an  an  additional  50  dB. 


In  the  ORF  receiving  system  (see  Figure  3-13),  the  high -pass  filter 
will  suffice  to  attenuate  the  VHF/FH  signal,  and  the  ferrite  circulator 
will  attenuate  reflections  or  Intermodulatlon  products  by  an  additional 
20  dB. 

In  many  locations,  the  communications  equipment  Is  collocated  with  a 
broadcast  facility.  From  a  purely  technical  polnt-of-vlew,  this  Is  an 
undesirable  configuration.  However,  the  unavailability  of  other  choices 
of  real  estate  (e.g.,  mountain-top  environments)  often  precludes  the  opti¬ 
mum  situation  for  collocating  FAA  communications  equipment.  Many  compro¬ 
mises  may  be  faced  In  this  more  severe  environment  In  that  some  Interfer¬ 
ence  problems  may  not  be  solved  with  present  technology  and  current  engi¬ 
neering  practice.  However,  with  the  limited  options  available,  the  choice 
of  a  communications  facility  with  Intermittently  impaired  operation 
appears  superior  to  no  facility  at  all.  Only  the  minimum  number  of  "must- 
carry"  channels  should  be  Implemented  at  an  FM  site  because  of  the  most 
difficult  interference  problems  which  may  be  generated. 

3.5.2  Impact  on  the  Air  Traffic  Control  Facility 

Sufficient  Isolation  can  be  achieved  for  the  satisfactory  operation 
of  the  air  traffic  control  facility.  Transmitters  and  receivers  speci¬ 
fied,  designed,  and  manufactured  for  collocated  applications  should  be 
used,  together  with  such  tools  as  those  described  In  this  report.  Most  of 
the  isolation  devices  described  are  passive,  requiring  little  or  no  main¬ 
tenance;  however,  their  losses  generally  may  require  the  use  of  50-watt 
amplifiers  on  all  of  the  ATC  transmitters.  Gain-type  antennas,  may  be 
needed  In  locations  requiring  Increased  EBP. 


3.6  SOLUTION  OP  SPECIAL  OR  UNIQUE  PROBLEMS 

Occasionally,  a  unique  set  of  circumstances  develop  at  a  collocated 
air  traffic  control  facility,  that  demand  use  of  the  greatest  skill  and 
experience  available.  These  conditions  may  be  caused  by  outside  agencies 
who  install  high-powered  transmitters  in  other  frequency  bands,  sudden  and 
unintentional  cross-modulation  of  signals,  or  abnormal  signal  levels 
appearing  on  the  utility  lines  serving  the  station.  Another  problem  that 
demands  unique,  even  specialized,  treatment  is  the  case  that  includes  no 
low-impedance  "earth  ground"  for  the  affected  facility. 

All  of  these  conditions,  and  many  others,  will  demand  the  attention 
of  the  most  experienced  engineers  and  technicians  from  across  the  regions. 
When  such  problems  are  in  the  embryonic  stage,  or  an  interference  problem 
has  become  unmanageable,  a  special  task  force  made  up  of  the  most  experi¬ 
enced  individuals  should  be  formed  to  concentrate  on  the  solution  to  the 
problem.  If  necessary,  this  special  task  force  could  include  individuals 
frcxn  any  FAA  region.  Then  the  techniques,  devices,  and  methods  used  for 
accomplishing  the  solution  then  could  be  transmitted  to  all  regions  for 
future  reference. 


CHAPTER  FOUR 


CONCLUSIONS  AND  RECOMMENDATIONS 


The  computer  model  described  in  Chapter  Two  was  exercised  as  a  quick- 
look  emalysls  tool  to  Indicate  the  magnitude  of  a  defined  set  of  Intermod- 
ulatlon  problems.  These  were  used  to  compare  the  relative  difficulty  of 
Implementing  various  numbers  of  frequencies  at  a  collocated  site.  A  fur¬ 
ther  analysis  of  collocation  was  performed  by  the  examination  of  certain 
scenarios  to  Illustrate  possible  solutions  to  Interference  problems  that 
may  be  experienced  In  any  collocation  effort.  Based  on  data  gathered,  the 
following  conclusions  and  recommendations  are  made: 

(1)  Frequencies  assigned  to  collocated  facilities  should  be  selec¬ 
ted  carefully,  to  avoid  obvious  Intermodulation  products.  Pre¬ 
sent  FAA  frequency  management  programs  appear  adequate  for  this 
purpose . 

(2)  No  equipment  should  be  considered  for  collocation  unless  that 
equipment  has  been  manufactured  according  to  stringent  specifi¬ 
cations  demanding  exceptional  performance  in  a  crowded  signal 
environment.  An  exception  would  be  equipment  that  has  been 
tested  exhaustively  and  has  been  found  suitable  for  collocation 

(3)  All  future  procurement  of  VHF  and  UHF  transmitters  and  receiv¬ 
ers  for  air  traffic  control  should  be  made  according  to  speci¬ 
fications  containing  the  performance  requirements  for  collo¬ 
cated  facilities .  Specifications  for  older  equipment  still  In 
use  should  be  consulted  ( see  Appendix  A ) . 

(4)  Savings  In  money  and  time  could  result  If  existing  government- 
owned  structures  not  currently  in  use  were  used  for  collocated 
communications  facilities.  The  abandoned  sites  usually  provide 
a  favorad}le  location,  as  well  as  adequate  utilities  and  roads. 

(5)  Modification,  remodeling,  or  enlargement  of  existing  structures 
usually  Is  more  cost  effective  than  new  construction.  Actual 
calculation  of  such  cost  savings  was  beyond  the  scope  of  this 
contract,  and  therefore  Is  not  Included  In  this  report. 


(6)  Collocation  with  VOR  facilities  Is  feasible  but  represents  a 
significant  technical  challenge.  The  transmitters,  receivers, 
^md  antenna  systems  of  the  ATC  system  usually  can  be  Installed 
and  engineered  to  provide  satisfactory  service  In  the  presence 
of  the  VOR,  but  the  communications  antennas  and  their  support 
structures  may  degrade  the  VOR  course  structure  to  make  commis¬ 
sioning  of  the  VOR  without  restrictions  quite  difficult.  The 
Impact  on  the  VOR  will  Increase  with  the  number  of  communica¬ 
tion  channels  and  the  number  of  Installed  antennas. 

(7)  If  collocation  with  a  VOR  RUSt  be  accomplished.  It  Is  recom¬ 
mended  that  the  number  of  VHF  and  UHF  antennas  be  held  to  a 
minimum.  In  addition,  their  height  and  location  must  be  such 
that  Interference  to  airway  radlals  and  Impact  on  low-altitude 
communications  reception  Is  minimized.  Antennas  may  be  located 
below  the  horizon  of  the  VOR  antenna.  Horizontally  polarized 
components  also  should  be  avoided,  to  minimize  the  possible 
Impact  of  reradlated  signals  on  the  VOR  course  structvire. 

(8)  Collocation  with  VHF/FM  broadcast  stations  also  Is  difficult: 
however  this  Is  usually  manageable.  Such  collocation  does  not 
dictate  the  severe  antenna  Installation  restrictions  applied  to 
the  VOR  collocation,  but  It  requires  similar  signal  Isolation 
techniques.  Each  site  will  present  a  unique  set  of  problems 
and  will  require  Individual  engineering  solutions.  Collocation 
of  Air  Traffic  Control  ccmimunlcatlons  with  Long  Range  Radar, 

Air  Traffic  Control  Radar,  RAPCOH,  and  other  facilities  was 
beyond  the  scope  of  this  contract,  and  Is  not  addressed  In  this 
report . 

(9)  Site  layouts  and  emtenna  configurations  should  minimize  the 
number  of  antennas  Installed  on  collocated  sites,  and  assure 
the  maximum  Isolation  by  both  vertical  and  horizontal  separa¬ 
tion  of  the  antennas.  New  antennas,  antenna  support  struc¬ 
tures,  and  Isolation  devices  for  successful  collocation  of 
facilities  should  be  added  to  the  Installation  equipment  Inven¬ 
tory  for  future  application  at  other  sites  (new  or  existing) 
where  Improved  performance  or  Isolation  may  be  required. 

(10)  Isolation  not  provided  by  physical  separation  of  antennas  must 
be  achieved  electrically.  The  costs  of  electrical  Isolation 
Include  both  the  monetary  cost  of  the  devices  to  be  Installed 
and  the  losses  associated  with  their  Introduction  Into  the  sys¬ 
tem.  In  most  cases,  the  losses  will  require  the  use  of  either 
an  antenna  system  providing  several  dB  of  gain  or  the  optional 
50-watt  linear  ^unpllfler,  or  both. 

(11)  Electrical  Isolation  of  installed  VHF  and  UHF  systems  will  re¬ 
quire  the  best  engineering  practices  to  use  appropriately  the 
many  currently  available  Isolation  devices,  including  filters. 
Isolators,  cavities,  circulators,  and  multicouplers.  These  are 
the  tools  that  make  successful  site  consolidation  and  equipment 


collocation  possible.  New  techniques  and  new  isolation  devices 
should  be  introduced  as  they  are  required  or  as  they  may  become 
available . 

(12)  Development  of  unique  installation  design  criteria  reflecting 
critical  interference  control  requirements  was  beyond  the  scope 
of  this  contract  and  has  not  been  addressed  in  this  report. 

Host  requirements,  however,  can  be  satisfied  by  dedicated  site 
engineering  and  the  employment  of  unique  devices.  These  de¬ 
vices  may  include  special  filters,  selective  shielding,  auid 
custcmi  antennas,  and  support  structures.  Careful  placement  of 
critical  systems  components  is  mandatory. 

(13)  It  is  recommended  that  the  FAA  create  a  special  task  force  to 
study  amd  solve  extraordinary  collocation  problems  that  c^ulnot 
be  managed  or  solved  by  normal  site  engineering  practices. 
Successful  collocation  and  isolation  techniques  developed  by 
this  special  task  force  should  be  made  available  to  all  FAA 
regions  for  possible  application  at  other  problem  locations. 


APPENDIX  A 


EQUIPMENT  SPECIFICATIONS 


Early  in  1966,  the  FAA  and  the  Department  of  Defense  jointly  initi¬ 
ated  a  project  to  develop  a  performance  specification  for  a  new  class  of 
VHF  and  UHF  transmitters  and  receivers  for  the  air  traffic  control  envi¬ 
ronment.  This  new  equipment  was  expected  to  exhibit  a  10,000  hour  tfTBF 
(more  than  one  year  between  failures),  while  being  compatible  with  the 
high  signal  densities  of  collocated  air  traffic  control  facilities.  The 
equipment  was  developed,  tested,  and  produced.  It  is  currently  in  use  by 
both  the  armed  forces  and  the  FAA. 

ARINC  Research  has  not  attempted  to  catalog  the  various  changes  or 
modifications  that  may  have  been  processed  during  the  intervening  years, 
but  the  performance  requirements  of  collocated  equipments  have  remained 
essentially  the  S£une  as  the  original  1966  requirements .  A  copy  of  the 
original  1966  Technical  Exhibits  OCNEE*  66-67  and  OCNEE  66-68  is  included 
in  this  report  to  serve  as  an  engineering  reference.  The  Technical 
Exhibits  reflect  the  characteristics  expected  of  any  communications  equip 
ment  to  be  considered  for  high  density  installation  in  the  ATC  system. 


♦OCNEE  was  the  office  symbol  of  the  Service  Engineering  Division,  0)tla- 
homa  City  Air  Materiel  Area,  Tinker  Air  Force  Base,  Oklahoma,  coordinator 
of  the  multiservice  development  project. 


TECHNICAL  EXHIBIT  XNEE  66-67 
23  November  1966 


vhfA>hf  am  receiver  AN/GRR-(  ) 


1.  SCOPE 

1.1  This  equipment  specification  describes  a  reliable  single  channel  transis¬ 
torized  communications  receiver  to  be  installed  in  collocated  VHF/UHF  transmitcer/ 

receiver  ground  stations  engaged  in  the  air  traffic  control  service  throughout 
the  world.  The  receiver  shall  be  capable  of  detecting  and  reproducing  the 
audio  (voice)  modulation  contained  on  the  amplitude  modulated  carriers  of 
aircraft  trananitters  operating  in  the  116  to  150  f^Hz  and  225  to  399.95  MHz 
communications  service.  Tne  receiver  shall  be  capable  of  operating  on  each 
of  the  authorized  VHP  and  UHF  air  traffic  control  communications  channels  in 
the  appropriate  bands  and  shall  be  compatible  with  the  50  IQiz  channel  spacing 
of  those  bands.  The  receiver  also  must  be  compatible  with  the  demands  of 
VHF/JHF  transmitter/receiver  collocation.  The  modular  construction  of  tne 
receiver  shall  facilitate  a  possible  future  modification  to  provide  simple 
conversion  to  25  KHz  channel  spacing  in  the  air  traffic  control  serw'ice.  The 
receiver  shall  be  expected  to  operate  reliably  for  long  periods  of  xime  under 
normal  operations.  The  receiver  shall  contain  a  minimum  parts  count  consis¬ 
tent  with  good  design  and  shall  contain  all  of  the  design  characteristics 
required  to  achieve  an  fJIBF  of  at  least  10,CX)0  hours. 

2.  appucable  documents 

2.1  The  following  documents*  of  the  issue  in  effect  on  the  date  of  the  invi¬ 
tation  for  bids  or  request  for  proposals*  form  a  part  of  this  equipment  speci¬ 
fication.  In  the  event  of  conflict  between  the  requirements  of  this  equipment 
specification  and  the  requirements  of  the  referenced  documents*  the  requirements 
of  this  equipment  specification  shall  govern. 

miitarv  Specifications 
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MIL-E-4632 
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MLlltaiv  Standarta 

iyiIL-SlD-129 

MIL-STD-130 

MIL-STD-188 

MIL-STD-139 

MIL-STD-415 

MIL-STD-454 

MIL-STD-470 

MIL-STD-471 

MIL-SID-6a3 

MIL-SlD-78r 

MIL-STD-785 

MIL-STD-803 

MIL-SID-810 

MIL-Sro-826 

MIL-STD-831 

Standarta 

FH)-STD-595 


Marking  for  Shipment 

Identification  Marking  of  U«S.  Military  Property 

Military  Coosnunication  System  Technical  Standards 

RackS]  Electrical  Equipment,  19  inch  and  Associated 
Panels 

Test  Points 

Standard  General  Requironents  for  Electronic  Equipment 

Maintainability  Program  Requirements 

Maintainability  Demonstration 

Crystals  and  Holders 

Test  Levels  and  Accept/Reject  Criteria 

Requirements  for  Reliability  Program 

Hunan  Engineering 

Environmental  Test  14ethods 

Electromagnatic  Interference  Test  Requirements 

Preparation  of  Test  Reports 

Paints 


MlUtaiY  Handfeggisa 

MIL~HIBK~216  Radio  Transnission  Lines  and  Fittings 

MIL-HDBK-217  Reliability  Stress  and  Failure  Rate  Data  for 

Electronic  Equipment 

MIL^UffiK'H-lOS  Sampling  Procedures  and  Tables  for  Life  and 

Reliability  Testing 


31P5*‘2*137  Standard  Installation  Instructions,  RAFCON  Communi¬ 

cation  Facility 


A-4 


• .  • . 
•  •  'J  V  ■ 


3iR2-i-137 


Standard  Installation  Instructions,  Control  Tower 
Facility 


31Sl-2FSA22-iO 


Af,  f-'lanuaiS 


GEEIA  Installation  Standard,  Control  fttonitor 
Group  AN/tSA-22 


AFSCM  SO-S  Handbook  of  Design  Instructions 

AFLC/AFSC?.'.  310-1  Management  of  Contractor  Data  and  Reports 
Miscellaneous 

OTS  FB-151394  RADC  Reliability  Not^ook  (RADC-TR-58-lll) 

ICAO  International  Standards  and  Recommended 
Practices  (Annex  10) 

ITU  Radio  Regulations  (Geneva  1959) 


3.  REQUIREtJENTS 

3*1  Performance.  The  single  channel  receiver  described  in  this  specification 
shall  be  designed  for  worldwide  deployment  in  the  air  traffic  control  ser/ice 
and  shall  operate  on  any  of  the  3,500  channels  allocated  to  this  service 
between  225  and  399*95  and  through  an  interchange  of  converter  modules, 
the  receiver  shall  operate  on  any  of  the  630  channels  between  116  and  150 
MHz  and  shall  be  con^jatible  in  all  respects  with  the  50  KHz  channel  spacing 
of  the  air  traffic  control  service.  The  receiver  shall  be  entirely  transis¬ 
torized  and  shall  contain  no  vacuum  tubes*  It  shall  contain  modular  con¬ 
struction  and  shall  be  designed  to  permit  conversion  to  7,000  channels  within 
the  same  UHF  band  or  1360  channels  within  the  VHF  band  with  the  adjacent 
channels  spaced  at  intervals  of  25  KHz*  The  receiver  shall  represent  the  state- 
of-the-art  in  receiver  reliability  and  shall  contain  parts  and  workmanship 
of  the  highest  quality*  The  receiver  shall  perform  reliably  in  an  air  traffic 
control  environment  which  may  include  collocated  VHF/llHF  transmitter/reoeiver 
sites,  air  traffic  control  towers,  radar  approach  control  facilities  (RAPCON's) 
and  precision  approach  radar  facilities  such  as  XA's  and  mobile  RAPCON's* 
Typically  the  receiver  also  will  be  installed  in  racks  or  cabinets  in  large 
multiple  installations* 

3.1*1  Type  of  Construction.  The  UHF  raodule(s)  with  an  operating  frequency 
of  225  to  399*95  MHz  and  the  VHF  module (s)  with  an  operating  frequency  of 
116  to  150  l/Siz  shall  be  interchangeable  in  the  receiver.  All  cables,  connec¬ 
tors,  and  voltages  shall  be  compatible  among  the  module (s)  to  allow  maximum 
flexibility  of  employment  and  interchange*  The  receiver  shall  incorporate 
modular  construction  to  the  maximum  extent  to  facilitate  the  correction  of 
failures  through  rapid  replacement  of  modular  assemblies  and  to  reduce  the 
time  required  for  restoration  of  normal  service  in  case  of  failure*  The 
receiver  shall  contain  no  blowers  and  shall  not  require  forced  air  cooling  for 
normal  operation*  Printed  circuit  boards  shall  not  contain  mechanical 
linkages*  Printed  circuit  boards  and  modules  shall  be  so  constructed  that  re¬ 
moval  and  installation  require  a  minimum  of  tools  and  soldering* 


3.1.2  Protective  Circuitry.  The  receiver  shall  contain  suitable  semiconductor 
protective  circuitry  to  isolate  all  active  audio  and  radio  frequency  tran¬ 
sistors  and  semiconductor  devices  from  destructive  transient  voltages  or  ^ikes 
introduced  into  the  receiver  from  the  AC  power  line  and  the  OC  bus*  The  pro¬ 
tective  circuits  shall  react  to  short  duration  transients  occurring  either  at 

a  random  or  recurring  rate  and  shall  become  effective  within  100  nanoseconds 
of  the  leading  edge  of  the  transient  pulse*  The  protective  semiconductor 
devices  shall  be  effective  against  transients  up  to  4  times  the  amplitiide 
of  the  mnbient  voltage  in  the  circuits  to  be  protected  and  shall  not  disable 
the  receiver  during  their  protective  operation*  The  contractor  shall  dmnon- 
strate  that  adequate  transient  voltage  protection  has  been  provided  for  all 
semiconductors  including  those  associated  with  the  RF  input  circuits^  the 
audio  output  circuitSs  and  the  power  supply  circuits* 

3.1.3  Hivsical  Sire  of  Equipment.  The  receiver  shall  be  suitable  for 
mounting  in  a  standard  19”  rack  or  cabinet  and  shall  have  a  maximum  depth  of 
12”  behind  the  frgnt  panel*  The  maximum  permissible  panel  height  shall  be 
3,5"  ("B"  Panel,  MIL-STD-189);  the  minimum  panel  size  shall  be  1*75''  ("A” 

Panel,  MIL-STD-iaq)* 

3*1*3«1  Weight  of  Receiver.  Total  weight  of  the  receiver  shall  not  exceed 
15  lbs,  including . all  radio  frequency,  audio  and  power  supply  components 
with  shielding  and  dust  covers  installed, 

t 

3*1*4  Interehanaeabilitv  of  Modules.  Modules  contained  in  the  receiver 
shall  be  interchangeable  with  modules  performing  the  same  functions  in  other 
receivers  of  the  same  production  type*  Interchangeability  of  modules  shall 
be  accomplished  and  demonstrated  without  necessity  for  realignment  of  the 
electrical  circuits  contained  in  the  interchanged  modules  and  without  realign¬ 
ment  of  the  circuits  contained  in  adjacent  modules  of  the  receiver.  All 
assemblies,  subassemblies,  printed  circuit  boards,  and  modules  shall  be 
accessible  for  testing  or  replacement  and  shall  facilitate  rapid  fault  location 
and  restoration  .of  service  by  direct  replacement* 

3.2  Prototype  Eouinment..  Eight  (8)  preproduction  equipments  shall  be 
required  for  testing*  Two  (2)  receivers  shall  be  utilized  for  ir^lant  environ¬ 
mental  and  proof  of  performance  testing*  Three  (3)  operational  receivers 
shall  be  siabjected  to  continuous  operation  at  the  contractor's  plant  for  a 
period  of  approximately  sixty  (60)  days  to  determine  whether  the  equipment 
has  met  the  design  goals  in  terms  of  reliability,  maintainability,  and  com¬ 
patibility  with  a  simulated  air  traffic  control  environment  test  program* 

Three  (3)  receivers  shall  be  furnished  to  the  Air  Force  for  simultaneous 
operational  suitability  tests*  The  3  equipments  furnished  for  operational 
suitability  testing  shall  be  shipped  to  an  Air  Force  site  to  be  designated  by 
the  Contracting  Officer*  Air  Force  testing  will  be  performed  at  that  site  for 
approximately  sixty  (60)  days*  The  contractor  shall  be  responsible  for  support 
of  all  preproduction  equipments  during  the  entire  test  program  including 
installation  assistance,  familiarization  of  Air  Force  personnel  with  the  equip¬ 
ment,  supply  of  parts  and  interim  instruction  manuals  and  correction  or  repair 
of  failures* 


3,3  Flexibility  of  Primary  Power.  All  transf  omers  shall  be  provided  with 
primary  taps  to  furnish  the  required  rectifier  voltages  for  AC  line  voltages 
of  105,  120,  210,  and  240  volts  f  10?^,  (Note  that  this  specification  requires 
norRial  operation  of  the  equipment  with  all  AC  input  voltages  within  -  lOfj  of  the 
voltage  for  which  the  primary  tap  is  connected.)  Tap  changing  of  all  appropriate 
transformers  shall  be  accomplished  simultaneiously  by  setting  a  metal  link 
or  strap.  Unless  otherwise  ^cified  in  the  contract,  taps  shall  be  connected 
for  120  volt  operation  upon  delivery.  In  addition  to  operation  on  the  AC 
voltages  listed  above,  the  receiver  shall  have  provisions  whereby  a  24  volt 
DC  battery  bus  may  be  floated  across  the  power  supply  to  provide  emergency 
power  in  event  of  failure  of  AC  power.  The  AC  power  supply  shall  also 
recharge  the  24  volt  DC  battery  and  maintain  it  in  a  fully  charged  condition 
without  overcharging  or  causing  damage  to  any  component  in  the  receiver.  The 
receiver  shall  be  so  designed  that  application  of  a  short  circuit  or  voltage 
of  a  reverse  polarity  across  the  24  volt  terminals  shall  not  result  in 
failure  of  conponents  (other  than  fuses)  within  the  receiver.  Elimination 
of  fuses  shall  be  considered  as  a  design  goal  by  the  contractor  through 
prudent  employment  of  isolation  diodes  and  other  reliable  protective  devices; 
any  fuses  incorporated  in  the  design  shall  be  of  the  self -indicating  type  and 
shall  be  mounted  on  the  front  panel  of  the  receiver.  The  receiver  shall  be 
capable  of  rated  performance  while  being  operated  on  DC  power  from  the  24  volt 
bus. 


3.4  normal  Oneratinq  Conditions. 


Ambient  Temperature 
Relative  Humidity 
AC  Line  Voltage 
AC  Line  Frequency 


-29°  to  +600C 
5%  to  95%  -  5% 

120  V  *  10515;  240  V  -  lOS 
47  to  420  Hz 


DC 

Duty  Cycle 

3.4.1  Non-Cteeratinq  and 


,22  to  30  Volts 
Continuous  Unattended 
■Storage  Conditions. 


Amb.ient  Temperature  -62°C  to  +71 

Relative  Humidity  5%  to  95% 

Barometric  Pressure  3.34  Inches  Hg  to  31  Inches  Hg 

3.4.2  Qaexation  After  Transportation.  The  receiver  shall  be  required  to 
operate  immediately  after  being  transported  from  one  location  to  another, 
either  while  installed  in  a  OCA  or  tobile  RAPCON  facility,  or  while  being 
transported  in  the  custody  of  the  military  supply  system.  The  receiver  shall 
not  be  required  to  operate  while  installed  or  carried  in  a  vehicle  in  motion. 


3.5  General  Requirements.  The  equipment  shall  meet  the  requirements  of  MIL- 
STD-454  and  MIL-E-4153  regarding  design,  parts,  materials,  processes,  identi¬ 
fication  and  marking,  and  workmanship  except  as  otherwise  noted  in  this  speci- 


fication*  The  total  weight  and  volune  of  this  equipment  shall  be  reduced 
as  fax  as  possible  without  sacrificing  reliability  or  maintainability*  Ihs 
contractor  shall  employ  all  methods  possible  in  the  process  of  designs  de''/elop- 
ment  and  manufacturing  which  will  insure  quality  and  maximum  reliability  and 
maintainability*  The  design  shall  include  all  possible  features  which  produca 
reliable  and  stable  operation  with  minimun  requirements  for  adjustments  and 
maintenance*  Conservative  design  practices  with  ample  operating  margins 
shall  be  en^loyed  throughout*  The  contractor  shall  be  familiar  with  NAVSHIPS 
94324,  HAVSH1P5  94501,  APSCIA  80-3,  and  the  RADC  Reliability  Notebook,  and  shall 
make  maximum  use  of  the  design  guidance  tt»rain*  (See  4.3  through  4*3*J.6)* 

3*6  Reliability.  The  design  reliability  of  the  recover  and  its  con^onents 
shall  achieve  a  Specified  r^an  Time  Between  Failures  of  not  less  than  10,000 
hours  under  conditions  of  MIL-STD-TSl,  level  A-1* 

3*6*1  Reliability  Program  Plan.  The  contractor  shall  submit  to  the 
procuring  activity  for  review  and  acceptance  an  effective  and  economical 
proposed  program  plan  re^onsive  to  M^-STD-785*  The  plan  shall  be  i.~cluded 
in  the  contractor* s  proposal  submitted  in  accordance  with  the  Government's 
Request  for  Proposals  (RFP)*  (See  4*3*2*1} 

3*6*2  Reliability  Prediction.  Reliability  prediction  shall  be  performed  in 
accordance  with  procedures  of  MIl-STD-TSS  (3*1*9*!}*  The  contractor  shall 
submit  as  part  of  the  technical  proposal,  a  reliability  prediction  in  accor¬ 
dance  with  MIL  STC-136  using  failure  rate  data  furnished  in  MIL  Hand  Book 
217, 

3*6*3  Derating  of  Components.  Quality  components  selected  for  their  long 
life  and  reliability  shall  be  used  thr^ghout  the  receiver  and  shall  be 
derated  in  each  specific  application  to  achieve  the  lowest  practicable  failure 
rate  as  reflected  for  each  con^onent  class  in  MIL  Handbook  217* 

3*7  Reliability  Analysis.  The  contractor  shall  analyze  existing  designs  and  tech¬ 
niques  to  determine  the  methods  necessary  to  satisfy  the  reliability  requirements 
of  this  specification* 

3*7*1  Preliminary  Reliability  Estimate.  Within  45  days  of  contract  award, 
in  accordance  with  5*1*9*1  of  MIL-STD-785,  the  contractor  shall  prepare  and 
submit  a  Preliminary  Reliability  Prediction  of  the  receiver*  The  failure 
rates  shall  be  obtained  from  MIL-Handbook  217  for  the  classes  of  components 
and  the  voltage  and  thermal  stresses  involved* 

3*7*2  Final  Reliability  Estimate.  As  the  design  of  each  major  assembly  or 
subassembly  is  established,  the  contractor  shall  compute  and  submit  within 
30  days  the  Final  Reliability  Estimate  of  that  assembly  and  update  the 
estimated  reliability  index  for  the  receiver* 

3,7*3  Test  Conditions.  Because  of  the  fJSTBF  requirement  of  this  receiver, 
the  liml':ed  number  of  test  articles  and  the  limited  time  for  testing,  test 
level  A-1  of  MIL-STD-781  shall  apply* 


3.8  Contractor's  wualltv  Assurance  System.  The  contractor  shall  provide  and 
maintain  an  effective  inspection  and  quality  assurance  system  acceptable  to  the 
Government  and  in  accordance  with  KIIr^-985S.  A  current  written  description 
of  the  system  shall  be  submitted  to  the  cognizant  Government  inspector  for  system 
approval  prior  to  preproduction  inspection.  Any  changes  to  the  approved  quality 
assurance  system  which  might  affect  the  degree  of  assurance  required  by  this 
specific-  tion  or  other  applicable  documents  must  be  submitted  to  the  cognizant 
inspector  and  approved  in  writing  prior  to  use, 

3.8.1  Government  Verification  of  Contractor's  Quality  Assurance  System.  AH 
quality  assiirance  operations  performed  by  the  contractor  shall  be  subject  to 
Government  verification  at  any  time.  Verification  shall  consist  of,  but  not  be 
limited  to: 

a.  Surveillance  of  the  operations  to  determine  that  practices,  methods,  and 
procedures  of  the  written  system  description  are  being  properly  applied,  and; 

b.  Government  product  inspection  to  measure  quality  of  product  to  be  offered 
for  acceptance.  Failure  of  the  contractor  to  correct  deficiencies  discovered  by 
him  or  of  which  he  is  notified  shall  be  cause  for  suspension  of  acceptance  until 
corrective  action  has  been  made  or  until  conformance  of  product  of  prescribed 
criteria  has  been  demonstrated. 

3.9  Maintainability .  All  assemblies,  subassemblies  and  components  of  the 
receiver  shall  be  readily  accessible  for  maintenance,  to  accelerate  and 
facilitate  the  location  of  faults  and  the  replacement  of  faulty  modules  or 
subassemblies.  The  maximum  time  for  location  of  the  fault,  replacement  of  the 
faulty  module  or  subassemblies  and  restoration  of  service  shall  not  exceed  15 
minutes.  Time  shall  not  exceed  180  minutes  for  rejxiir  of  the  module  itself, 
including  checkout  and  alignment. 

3.9.1  Maintainability  Program  Plan.  The  contractor  shall  submit  to  the 
procuring  actiyity  for  review  and  acceptance,  an  effective  and  economically 
proposed  program  plan  responsive  to  MIL  STD  470.  The  plan  shall  be  included  in 
the  contr.-ictor ' s  proposal  submitted  in  accordance  with  the  Government's  request 
for  proposal. 

3.10  Test  Points.  The  contractor  shall  prepare  a  List  of  Proposed  Test  Points 
in  accordance  with  4.4. 1.4  of  KIL-STD-415  to  be  delivered  at  the  same  time  as  the 
Preliminary  Reliability  Estimate  (3.7.1). 

3.10.1  Major  Test  Points.  Major  test  points  necessary  to  confirm  proper  operation 
of  the  receiver  and  necessary  in  the  location  of  favilts  in  major  modules  sliall  be 
available  on  the  front  panel  and  shall  be  sufficient  to  identify  major  modules, 
assemblies,  or  subassemblies  which  may  have  failed  or  deteriorated  in  service, 

3.10.2  Minor  Test  Points.  Minor  test  points  required  during  bench  testing  or 
alignment  procedures  shall  be  readily  available  upon  removal  of  dust  covers  and 
shall  be  sufficient  to  identify  faiilts  or  deteriorated  performance  within  each 
printed  circuit  card  or  minor  subassembly  of  the  receiver.  Test  points  shall  be 
readily  identified  and  cross-referenced  in  the  handbook  of  maintenance  instructions 
which  also  shall  contain  reference  to  necessary  waveforms,  voltage,  current,  or 
resistance  readings  that  may  be  appropriate  for  the  individual  test  points. 


3*11  Crystal  fisff;|niatf>r-  The  receiver  shall  incorporate  a  cr7stal  oscillator 
possessing  ij^rmt  stability  characteristics  sufficient  to  achieve  a  frequency 
accuracy  of  -  .001$  at  the  operating  frequency  of  the  receiver.  The  crystal 
shall  be  Installed  in  or  through  the  front  panel  of  the  receiver;  installation 
or  removal  of  a  crystal  for  a  different  channel  frequency  shall  not  require 
removal  of  the  receiver  from  the  rack  either  for  access  to  the  crystal  or  retuning 
of  Internal  receiver  circuitry. 

3 ’ll.!  Crystal  Unit.  The  crystal  oscillator  shall  function  ulth  a  standard 
crystal  of  the  desired  frequency  accuracy  and  stability  in  accordauce  with 
MIL-C-3098.  With  the  crystal  properly  installed  in  the  front  panel  of  the 
receiver,  the  crystal  shall  not  extend  beyond  other  fixed  components  (such  as 
dials,  knobs,  switches  and  connectors)  also  extending  from  the  front  panel. 

3.11.2  Crystal  Oven.  The  basic  design  of  the  receiver  shall  not  contain  a 
crystal  oven  unless  the  contractor  dononstrates  that  the  required  degree  of 
frequency  accuracy  and  stability  caimot  be  achieved  in  any  other  uanner. 

Operation  of  the  crystal  oven  shall  not  be  noticeable  or  apparent  in  any 
internal  circuit  of  the  receiver  and  shall  not  be  audible  in  the  audio  output 
of  the  receiver.  In  the  event  that  a  crystal  oven  should  be  approved  by  tbs 
Contracting  Officer,  an  amber  indicator  light  shall  be  mounted  on  the  front 
panel  to  indicate  operation  of  the  oven  heater.  The  crystal  oven  (if  approved) 
shall  be  provided  in  accordance  with  the  following  requirements: 


Crystal  Oven  Socket 
Operating  Temperature 
Heater  Power 
Crystal  Oven  Base 


For  HC-6/U  Holder 
Controlled  67°C  t  5OC 
24  V  X,  0.25  amperes  or  less 
Standard  Octal 


3.11.3  Mwiriimiin  AllQVflble  Freouencv  Deviation.  Under  all  combinations  of 
normal  operating  conditions  specified  in  3*4  including  those  combinations 
where  the  net  effects  are  additive,  the  total  deviation  under  humidity, 
temper-' t\ire,  and.  power  fluctuations  shall  not  exceed  ^  .001$  of  the  designated 
operating  frequency. 

3.11.4  External  Qsft-nifltor  Intut.  The  receiver  shall  have  a  provision  for  use 
of  an  external  precision  oscillator  (not  to  be  furnished  vd.th  this  equipment) 
for  frequency  control  of  the  receiver  in  lieu  of  a  crystal.  The  external  radio 
frequency  input  required  for  normal  operation  shall  not  exceed  .15  volts  RMS  into 
a  50  ohm  i  2  ohm  impedance.  A  type  BNC  connector  shall  be  provided  for  the 
external  oscillator  input. 

3.11.5  Local  Osijillatnr  Coupled  Cutout.  All  frequencies  generated  by  the 
local  oscillator  including  all  primary  ^equeneies,  harmonics,  mixer  products 
and  identifiable  products  thereof  and  all  other  spurious  outputs  shall  not  e^oed 
a  level  of  20  microvolts  measured  at  the  antenna  terminal  of  the  receiver  when 
terminated  into  a  50  ohm  load. 

3.12  Receiver  Ferfomanee.  The  receiver  shall  be  designed  to  produce  an  audio 
output  of  100  milliwatts  into  a  600  ohm  load  with  a  10  db  (minimum)  signal-plus- 
noise  to  noise  ratio  measured  at  the  main  receiver  output  when  a  standard  VHF 
or  UHF  radio  frequency  teat  voltage  of  1.5  microvolts  (30$  modulated  -  5$)  is 
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applied  to  the  anteima  input  circuit  across  a  50  ohm  load  resistor  vith  the 
receiver  squelch  circuit  in  operation.  (See  4.5,  4.5.1  and  Fig  4) 


3,22.1  Sensitivity  of  Two  Receivers  Operated  from  Che  -Antenna.  With  the  inputs 
of  two  receivers  connected  in  parallel  on  a  single  antenna,  and  the  receivers 
tuned  to  chaimcls  separted  by  3  MHz  or  UHF  and  1  MHz  on  VliF,  a  signal  of  2.0 
microvolts  modulated  30^  {^5%)  on  each  appropriate  channel  shall  produce  a 
signal-plus-noise  to  noise  ratio  of  not  less  than  10  db  while  delivering  100 
milliwatts  of  audio  power  at  each  receiver  output.  (See  4.5 *2) 


3.12.2  Instructions  for  Oncretion  of  Two  Receivers  from  One  Antenna.  Technical 
Orders  furnished  witi.  the  receivers  shall  contain  specific  instructions  for  the 
preparation  of  EF  transmission  lines  when  two  receivers  arc  to  be  operated  from 
a  single  antenna.  Instructions  aliall  be  simple  and  straightforward,  requiring 
a  minimum  of  hxanan  judgment,  computation,  or  interpretation,  and  shall  include 
all  frequency  combin?itions  wit.Jn  the  frequency  range  of  the  receivers. 


3.12.3  Selectivity.  The  bandwidth  of  the  intermediate  frequency  amplifier  for 
50  KHz  charnel  spacing  shall  conform  to  the  following  profile  with  respect  to  the 
center  frequency.  (See  4.6  and  Fig  4) 


Attenuation 
6  db 
20  db 
40  db 
60  db 
80  db 


Bandwidth 
i  18  KHz  Tnin^mTui 
i  27  KHz  maxiiitum 

-  31  maxLmum 

-  35  KHz  maximum 

-  40  KHz  maximum 


3.12.4  Pbss  Band  Characteristics.  Any  decrease  in  the  pass  band  envelope 
(i  15  KHz)  shall  not  exceed  2  db  below  the  peaks  of  the  envelope. 


3.12.5  Selectivity  for  25  KHz  Channel  Sraeing.  The  bandwidth  of  the  inter¬ 
mediate  frequency  amplifier  for  25  KHz  channel  spacing  shall  conform  to  the 
following  profile  with  respect  to  the  center  frequency.  (See  4.6  and  Fig  4) 


Attenuation 
6  db 
20  db 
40  db 
60  db 


Bandwidth 
i  9  Kliz  Minimum 

114  KHz  Maximum 

115  KHz  Maximum 

116  KHz  Maximum 


80  db 


I20  KHz  Maximum 


3.12.6  Bags  Band  Characteristics  (for  25  SHa.Cbannel  Spacing).  Aa7  decreases 
i&  the  pass  band  envelope  (±  6  shall  not  exceed  2  db  below  the  peaks  of  the 
envelope* 

3.13  Antenna  Input  Circuit.  The  BF  input  circvdt  shall  be  designed  for  connection 
to  a  50  ohm  imbalanced  flexible  coaxial  cable  through  a  constant  impedance  N-type 
connector  at  the  rear  of  the  equl|aient. 

3.13.1  P^ont  Panel  Access  to  Antenna  and  Receiver  Input.  The  antenna  circuit 
design  shall  include  a  front  panel  BNC  connector  to  facilitate  maintenance  of 
the  receiver  in  its  installed  location.  The  antenna  input  itself  shall  be 
located  at  the  rear  of  the  panel  or  in  the  rear  of  the  receiverj  however  a 
rigid  double  male  type  U-shaped  (180°)  connector  (BiiC)  shall  be  used  for  normal 
front  panel  patching  of  the  antenna  to  the  receiver.  The  connector  shall  be 
easily  removed  for  front  panel  access  to  both  the  antenna  and  the  receiver  input, 
thereby  facilitating  measurements  of  antenna  characteristics  and  receiver 
characteristics  from  the  front  panel  of  the  receiver. 

3.13.2  Protective  Devices  on  Incut  Circuits.  The  receiver  shall  contain  suitable 
protective  devices  to  isolate  the  input  stages  of  the  receiver  from  destructive 
transients  originated  b7  precipitation  and  lightning  static  or  other  external 
transient  sources.  The  receiver  shall  withstand  without  permanent  damage  or 
permanent  impairment  of  sensitivity  or  gain,  at  225  and  at  400  MHz  for  the  UHF 
receiver  and  at  116  and  150  MHz  for  the  7HF  receiver,  a  channel  input  voltage 

of  20.0  volts  unmodulated  applied  to  the  HF  input  circuit  continuously  for  a 
period  of  five  minutes. 

3.14  Audio  Output  Circuits.  Two  (2)  unbalanced  ungrounded  transformer  output 
clxcvdta  shall  be  provided.  The  main  output  shall  deliver  not  less  than  100 
milliwatts  into  a  nominal  600  ohm  external  resistive  load  v'nile  the  second  output 
shall  simultaneously  deliver  a  signal  level  of  100  milliwatts  into  a  separate 
nominal  600  ohm  external  resistive  load.  The  main  audio  output  level  control 
shall  be  a  recessed  screwdriver  adjustment  located  on  the  front  panel  and  shall 
have  a  logarithmic  taper.  The  second  audio  output  shall  be  terminated  in  a 
headset  Jack  on  the  front  panel,  controlled  by  a  logarithmic  taper  a\idio  control 
located  on  the  front  panel,  and  equipped  with  a  compatible  control  knob. 

3.14.1  Audio  Outcut  Transformer  Secondary  Windings.  The  output  transformer 
secondary  uiodings  shall  be  Isolated  from  ground.  Tlie  main  output  winding  shall 
consist  of  two  150  ohm  windings  normally  connected  in  series  to  provide  the  600  ohm 
output  Impedance.  The  second  output  winding  shall  be  identical  to  the  main  output 
windings  but  shall  be  connected  to  the  audio  Jack  on  the  front  panel  of  the 
receiver  for  ready  access  dviring  maintenance  or  local  operation  of  the  receiver. 

3.14.2  Outnut  Level  Resrulation.  With  an  initial  audio  output  of  100  milliwatts 
Into  a  600  ohm  resistive  load  from  the  main  output  circuit,  the  main  output 
voltage  shall  not  drop  more  than  4  db  with  a  5  to  1  reduction  (120  ohms)  in  the 
load  resistor.  (See  4.7) 

3.14.3  Audio  Level  Control  to  Prevent  Cross  Talk  in  Remote  Cables.  With  an 
input  signal  of  10  microvolts  (30j  modulated  ~  5%)  and  the  receiver  adjusted  for 
an  audio  output  of  100  milliwatt  a,  the  a-udio  output  signal  shall  not  Increase 
more  than  3  db  as  the  modulation  is  increased  to  90^  -  5%. 
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3.14.4  Protective  Pcviees  on  Audio  Circuits.  Both  audio  ci^c^lits  shall  with¬ 
stand  without  permanent  damage,  input  pulses  applied  to  each  output  terminal 
pair  and  from  terminals  to  chassis  of  -1,000  volts  peak,  wdth  rise  time  not 
over  10  microseconds,  duration  of  not  over  50  microseconds,  and  decay  time  of 
not  less  than  600  microseconds  measured  between  10^  and  90^  of  peak  amplitude. 
After  100  pulses  of  each  polarity  applied  between  output  terminals  and  afterwards 
between  terminals  and  chassis  at  intervals  of  not  over  1  second,  any  resulting 
change  in  gain  of  the  output  stage  shall  not  exceed  0.2  db. 

3.15  Automatic  Gain  Control.  With  an  input  signal  of  6  microvolts  (modulated 
30?  i  5?)  snd  the  audio  output  control  adjusted  for  an  output  of  100  milliwatts, 
the  output  shall  not  vary  more  than  3  db  as  the  signal  input  is  advanced  from 

6  microvolts  to  1  volt.  (See  4.14  and  Fig  3) 

3.15.1  AGO  Tine  Constant.  The  AGO  shall  attack  within  100  milliseconds  and 
decay  within  100  milliseconds.  Measurements  of  the  attack  time  and  decay  time 
shell  be  made  from  the  leading  edge  and  the  trailing  edge  of  a  500  millivolt 

500  millisecond  pulse,  and  shall  be  measured  from  the  leading  edge  of  the  applied 
pulse  to  the  point  where  the  AGO  voltage  has  attained  a  value  equivalent  to  90? 
of  the  AGO  maximum  voltage  end  the  decay  time  shall  be  measured  frran  the  trailing 
edge  of  the  applied  pulse  to  the  point  where  the  AGO  voltage  has  fallen  to  an 
equivalent  of  10?  of  its  zero  signal  level.  (See  4.15) 

3.16  Scueleh.  A  carrier-operated  noise  silencer  shall  be  provided  to  mute  the 
receiver  output  pending  application  of  carrier  inputs  not  greater  than  1.5  micro¬ 
volts  with  squelch  sensitivity  at  maximum  setting  and  not  less  than  50  microvolts 
with  squelch  sensitivity  at  ndnimum  setting, 

3.16.1  Scueleh  Switch.  A  two-position  toggle  switch  shall  be  provided  to  control 
the  squelch  operation.  The  functions  performed  by  the  switch  shall  be  "squelch  on 
and  "squelch  off". 

3.17  Noise  Control.  A  ncisc  control  system  shall  be  incorporated  into  the 
receiver  to  reduce  impulse  type  noise, 

3.17.1  Pulse  Type  Interference.  The  receiver  shall  meet  the  requirements  of  3. IS 
and  3.19  when  RF  pulses  having  the  following  characteristics  are  introduced  into 
the  receiver  input: 

Width  of  Pulse  10-2  microseconds  2  i  microsecond 

Pulse  Repetition  Rate  360  -  60  FRF  900  -  600  FRF 

Pulse  Shape  Rice  and  decay  time  Rise  and  decay  time 

less  tlian  1  micro-  less  than  1/10  microsecond 

second 


3.18  AGC  Versus  Pulse  Interference.  Vith.  an  input  signal  ranging  from  3  to 
1)000  microvolt a  modulated  30S&  (-  5%)  at  400  Hz  introduced  simultaneously  with 
pulses  of  the  same  carrier  frequency,  the  resulting  400  Hz  audio  output  shall 
not  decrease  more  than  1  db  as  a  result  of  pulses  10  times  the  test  voltage  nor 
decrease  more  than  2  db  as  a  resrzlt  of  pulses  100  times  the  test  voltage.  The 
pulse  repetition  frequency  of  the  interfering  pulses  shall  not  appear  in  the 
atudio  circuit  of  the  receiver  at  an  objectionable  audio  level  and  shall  not  be 
of  sufficient  amplitude  to  cause  interference  with  the  reception  of  the  desired 
400  Hz  audio  signal.  Ikider  worst  conditions,  audio  produced  by  the  interfering 
FRF  shall  be  a  m-tn-tnmm  of  20  db  below  the  desired  signal. 

3*19  Squelch  Versus  Pulse  Interference.  The  squelch  shall  not  open  when  pulses 
and  unmodulated  carriers  on  the  same  radio  firequency  are  introduced  simultaneously 
at  the  following  levels  (microvolts):  (See  4*17  and  Fig  7) 


3.20  Hum  and  Noise.  With  test  voltages  of  300  microvolts  to  100  millivolts 
(modulated  30$^  -  5%  at  I, 000  Hz)  applied  to  the  receiver  input,  the  hum  and  all 
other  unwanted  signals  including  hum  modulation  of  the  modulated  test  tone 
delivered  to  the  main  output  load  shall  be  not  less  than  50  db  below  the  test 
tone  output  level  of  100  milliwatts.  Hum  and  noise  tests  shall  be  performed  at 
fjrequeneles  of  850,  900,  1050,  1100  and  1150  Hz  utilizing  50  Hz  AC  power,  at 
820,  880,  1060,  1120,  and  1180  Hz  when  using  60  Hz  power,  and  at  200,  600,  1400, 
1800,  and  2200  Hz  when  using  400  Hz  power.  (See  4.11  and  Fig  3) 

3  *21  Desensitization .  With  a  standard  test  signal  of  3  microvolts  modulated 
30Jt  i  5%  applied  to  the  receiver  and  audio  output  control  adjusted  for  an  audio 
output  of  100  milliwatts  into  the  main  outp\2t  load,  the  following  high-level 
off -channel  unmodulated  signals  shall  not  reduce  the  receiver  output  more  than 
2  db.  (See  4.9  and  Fig  6) 

Undesired  Signal  level  Frequency  -  MHz  Off  Center  Frequency 


Volts 

(VHP) 

(UHF) 

0.1 

0.3 

0.9 

0*3 

0.5 

1.5 

1.0 

0.9 

2.6 

3.0 

1.6 

4.5 

3*22  Receiver  Intermnri^^l-qt'inn.  With  the  receiver  audio  level  control  adjusted 
to  produce  an  output  level  of  100  milliwatts  with  a  3  microvolt  30?o  i  5% 
nodulated  input  signal  at  the  resonant  frequency  of  the  receiver  (fg),  the 
simultaneous  application  of  two  off-resonant  signals  f^  and  f),  (not  less  than 
10,000  microvolts  each)  in  place  of  the  standard  signal  input  shall  be  required 
to  produce  an  audio  output  of  25  milliwatts.  The  two  off -resonant  signals  shall 
be  spaced  100  from  each  other  with  f^  -  100  KHz  from  f^  and  so  related  that 


•  ^ 


■  .VlN,  %  •.  •. 


■- W  .V. 
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fj.  eq-uals  2  fg  -  f]3.  The  carrier  anplitude  of  the  two  off -resonant  signals  shall  be 
equal  to  each  other.  Signal  fg  shall  be  unisodulsted  and  signal  f^  sliall  be  modulated 
305.  I  %  at  1,000  Ha.  (See  4.£  and  Fig  5) 

3*^3  Cross-Modulation .  With  the  audio  gain  control  adjusted  to  produce  100  millivolts 
at  the  main  output  terminal  with  a  standard  input  test  voltage  of  3  microvolts  (30^ 
modulated  -  5^)  and  a  signal  plus  noise  to  noise  ratio  of  at  least  1C  db,  the  simul¬ 
taneous  application  of  a  9C5o  (i  55»  modulated  off -resonant  signal  (undesired),  and  an 
umodulated  on-cbanncl  test  signal  shall  result  in  an  audio  output  not  exceeding  3 
above  the  output  (noise)  produced  by  the  unmodulated  resonant  test  signal.  The  desired 
signal  level  shall  be  varied  from  3»0  microvolts  to  100  millivolts  for  each  undesired 
signal  level  and  frequency  described  in  the  desensitization  tests,  and  shall  remain 
within  the  same  cross-modulation  limits.  (See  4.10  and  Fig  6) 

3 **4  Audio  Freouenev  Resnense.  With  a  signal  of  at  least  10  microvolts  (modulated 
305®  ^  5/»)  and  the  audio  output  adjusted  to  a  level  of  100  milliwatts  at  the  main 
receiver  output  with  a  1,00C  Hz  modulation  frequency,  the  output  shall  not  vary  more 
than  =1  db  or  -2  db  as  the  modulation  frequency  is  varied  iiTom  300  to  6,000  Hz, 

3*24.1  Audio  Response  Above  6.000  Hz.  Above  6,000  Hz,  the  audio  output  shall  decrease 
as  the  frequency  increases,  and  shall  be  down  at  least  1C  db  at  10,000  Hz, 

3 *^4.2  Audio  Response  Belov  300  Hz.  Below  300  Hz,  the  audio  output  shall  decrease 
as  the  frequency  decreases  and  shall  be  down  at  least  10  db  at  100  Hz, 

3*25  Audio.  JDistortloc .  With  a  1  volt  input  signal  modulated  30?»  -  %  and  with  the 
audio  level  of  the  receiver  adjizsted  to  an  output  of  100  milliwatts  into  a  600  ohm 
load,  the  total  harmonic  distortion  shall  not  exceed  10^  as  measured  successively  at 
300,  1,500,  3>000  and  6,000  Hertz.  With  the  same  RF  input  level  modulated  at  9C^ 
i  5%,  the  total  harmonic  distortion  over  the  same  frequency  range  shall  not  exceed  20^. 

3.26  Selection  of  Semiconductor  Devices.  All  semiconductor  devices  shall  be  environ¬ 
mentally  qualified  production  articles  in  accordance  with  MII^*S-19500,  Field  effect 
transistors  shall  be  acceptable  if  environmentally  qualified  and  adequately  protected 
against  transient  voltages.  Germanium  semiconductor  devices  and  vacuum  tubes  shall  not 
be  incorporated  in  the  receiver  design. 

3.26.1  Substltv-tion  of  Semiconductor  Devices.  Substitution  of  semiconductor  devices 
(semiconductors  not  authorized  by  MIL-S-19500)  shall  not  be  authorized  unless  specifi¬ 
cally  requested  by  the  contractor  with  fully  explained  justification  and  specifically 
approved  in  writing  by  the  Contracting  Officer  after  a  thorough  engineering  evaluation. 

3.26.2  Mounting  of  Semiconductors.  All  semiconductors  with  wire  leads  shall  be 
soldered  into  the  circuit.  All  other  semiconductors  shall  be  mcrunted  in  accordance  with 
the  recommendations  of  their  manufacturers. 

3.27  Paint.  The  receiver  slisll  be  finished  in  a  semi-gloss  gray  color  according  to 
PED-STD-595,  color  26152.  Kecessary  markings  on  this  surface  shall  be  accomplished 
in  a  compatible  semi-gloss  white. 


4.0  SAKPLDIG,  mSPBCTION,  AHD  TEST  PROCEDUEES  REQUIHED  FOE  QUALITI  ASSUEAilCE 


4.1  General.  The  contractor  1 1  be  responsible  for  the  performance  of  all 

inspection  and  testing  requirements  as  specified  herein.  411  contractor  prepared 
test  procedures  shall  be  approved  bgr  the  ctmtracting  officer  prior  to  commence¬ 
ment  of  testing.  Except  as  otherwise  specified,  the  contractor  may  utilize  his 
own  or  any  other  inspection  facilities  and  services  acceptable  to  the  Government. 
Inspection  records  of  the  examination  and  tests  shall  be  kept  complete  and  avail¬ 
able  to  the  Government  as  specified  in  the  contract.  The  G^emment  reserves  the 
right  to  perform  any  or  all  of  the  inspections  set  forth  where  such  inspections 
are  deemed  necessary  by  the  Government  to  assure  that  supplies  and  services 
conform  to  the  prescribed  requirements. 

4.2  Classification  of  Tests.  Prescribed  inspections  and  the  tests  of  the  equip¬ 
ment  shall  be  classified  as  qualification  tests  and  acceptance  tests. 

4.3  Qualification  Testa.  Qualification  tests  shall  be  performed  by  the  contractor 
on  the  first  2  complete  equipments  produced  under  this  specification.  To  minimize 
the  elapsed  time  for  performance  of  the  teats  and  the  development  of  test  data,  the 
Air  Force  may  desire  to  perfona  operational  suitability  tests  at  the  same  time 
that  the  contractor  Is  performing  environmental  tests.  (See  3.2) 

4.3.1  Environmental  Testa.  Environmental  teats  shall  be  performed  in  accordance 

with  HIL-STD-810  unless  otherwise  specified  herein.  , 

4.3 .1.1  Low  Pressure.  Conqsonents  and  assemblies  shall  be  s\ibjected  to  test 
method  5OO,  procedure  I. 

4.3 .1.2  High  Temperature.  Components  and  assemblies  shall  be  stibjeeted  to  test 
method  501,  procedure  I. 

4. 3. 1.3  Low  Tempera tvire.  Components  and  assemblies  shall  be  subjected  to  test 
method  502,  procediire  I, 

4.3. 1.4  St^isil^.  Components  and  assemblies  shall  be  subjected  to  test  method 
507,  proced\ire  I. 

4.3 .1.5  Vibration.  Contponents  and  assemblies  shall  be  subjected  to  test  method 
514,  procedure  I.  The  test  shall  be  for  equipment  class  5,  using  test  curve  A  of 
Figure  514-5. 

4.3.1.6  Shock.  Components  and  assemblies  shall  be  subjected  to  test  method  516, 
procedure  I,  II,  and  VI. 

4.3.2  Reliability.  The  contractor  shall  establish  a  reliability  assurance 
program  that  Is  planned,  integrated  and  developed  in  conjunction  with  other 
planning  functions.  The  program  shall  be  based  upon  the  specified  requirements, 
the  complexity  of  design,  the  quantity  under  procurement,  and  the  maniifacturing 
techniques  required.  The  program  shall  assure  adequate  reliability  consideration 
throtighout  the  respective  design,  development  and  production  as  necessary  to 
meet  the  contractual  reliability  requirements. 


4.3 *2.1  Reliability  Program  Plan.  The  contractor  shall  submit  a  detailed 
reliability  program  plan  in  accordance  with  MIl-SlD-785  as  a  separate  and 
complete  entity  within  the  total  system  project  delineation.  The  program  plan 
shall  be  sulmiitted  no  later  than  30  days  after  award  of  contract.  Submission 
of  the  proposed  detailed  program  plan  concurrent  with  the  contractor's  technical 
proposal  is  prescribed  in  3.^.1  of  this  specification. 

4.5 .2.2  Basis  of  Connliance.  The  reliability  program  plan,  as  approved  the 
procuring  activity  and  incorporated  into  the  contract,  becomes  the  basis  for 
contractual  compliance. 

4. 3. 2. 3  Reliability  Program.  A  minimum  reliability  program  applicable  to  this 
specification  shall  consist  of  (but  not  be  limited  to)  program  elements  contained 
in  K1LS7D-7B5  as  follows: 

(a)  Reliability  Organization  (l<lIL-STD-785,  5.1.1) 

(b)  Management  and  Control  (MIL-STD-785  ,  5.1.2) 

(c)  Program  Review  (MIL-STD-785 »  5.1.3) 

(d)  Critical  Items  (KIL-STD-725,  5.1.85 

(e)  Apportionment  and  Mathematical  Models  (>QX-8TD-785 ,  5.1.9) 

(f)  Reliability  Prediction  (MIL-SlD-785,  5.1. 9.1) 

(g)  Design  Reviews  (KIL-STD-785 ,  5.1.10) 

(h)  Supplier  and  Subcontractor  Reliability  Programs  (MIL-STD-785,  5.1.11) 

(i)  Human  Engineering  (MIL-STD-785,  5.1.13) 

(j)  Safety  Engineering  (MIL-STD-785,  5.1.15) 

(k)  Maintainability  (MII.-STD-785 ,  5.1.16) 

(l)  Failure  Data  CoUectioi..,  Analysis  and  Corrective  Action 
(MIL-STD-785,  5.1.19) 

(m)  Reliability  Demonstration  (MIL-STD-785,  5.1.20  and  Section  4.3 .2.4  below) 

4.3 .2.4  Reliability  Demonstration.  The  contractor  is  required  to  submit  a 
statistical  test  plan,  to  be  used  in  the  demonstration  of  the  required  reliability 
of  the  equipment,  within  thirty  (30)  days  after  the  date  of  contract.  The  test 
plan  plus  details  of  its  implementation  shall  be  submitted  as  part  of  the  program 
plan. 

4. 3. 2. 5  General  Demonstration  Test  Provisions.  The  provisions  of  MIL-STD-781 
apply  except  where  they  are  in  conflict  with  provisions  given  in  this  specifi¬ 
cation,  whereas  this  specification  takes  precedence. 


(a)  KTBF  -  The  Specified  Mean  Time  Between  Failures  (Og)  is  stated  in 
Section  J  as  10,000  hoTirs. 

(h)  Test  Level  -  Test  Level  A>l,as  defined  in  Section  4.1  of  MIL-STD-781 
shall  appl7. 

(c)  of  Failure  -  The  contractor  nnist  submit  for  approval  details 
of  operational  criteria  and  specific  definitions  of  failure  for  the  equipments 
under  test. 

(d)  Sample  Size  -  Three  (3)  operational  receivers  shall  be  available  at 
the  contractor's  plant  for  the  purpose  of  reliability  demonstration  tests. 

(e)  Preproduetlon  Tpgt  Plan  .  Test  Flan  ZZV  of  I4IL-S7D-781  shall  be  used, 
with  a  discrimination  ratio  of  3.0  and  a  and  B  risk  of  .30.  The  contractor  has 
the  option  of  stibmitting  within  30  days  an  alternate  statistical  pToTi  for 
approval.  Any  alternate  plan  would  be  based  on  the  specific  provisions  in  (a), 
(b),  (c),  and  (d)  above  plus  the  constraint  of  a  maximum  testing  period  of 

60  days  calendar  time. 

(£)  Rroduetion  OtMllfigatjon  Test  Plan  .  Test  Flan  of  Table  2D-l(c) 

MIL  HDBK-H  108  shall  be  used,  with  a  discrimination  ratio  of  3.0  an  alpha 
and  beta  risk  of  .10.  The  sample  shall  be  made  fj:om  the  first  i&onths  production. 

(g)  Productim  SaBmlina  .  Test  Flan  C-3  of  Table  21}-l(e), 

MIL  HDBE<.H>108  with  a  discrimination  ration  of  5.0  and  an  alpha  and  beta  ratio 
of  .10  for  acceptance  of  each  months  production. 

4.3  *3  Demonstration.  A  maintainability  demonstration  shall  be 

performed  by  the  contractor  to  show  compliance  with  the  quantitative  reqturement 
of  Section  3.9  for  corrective  maintenance.  In  conjunction  with  this  reqxiirement, 
the  following  portions  of  MIL-STD-471  apply. 

4.3 *3.1  Demonstration  Flan.  The  contractor  shall  prepare  a  demonstration  plan 
for  approval  by  the  contracting  agency  in  accordance  with  4.2  of  MIL-STD-471, 

4.3 .3 .2  Maintenance  Task  Selection.  The  contractor  shall  demonstrate  compliance 
of  the  repair  time  specified  in  3.9  through  the  faxilt  simulation  method.  This 
method  shall  be  performed  bj*’  introduction  of  faulty  parts,  deliberate  misalign¬ 
ments,  etc.  Simulated  faxilts  shall  be  generated  for  each  anticipated  failure 
mode  of  each  module.  The  general  technique  of  task  selection  as  discussed 

in  Appendix  A  of  MIL-Sro-471  for  corrective  maintenance  tasks  only  shall  apply. 
Since  both  the  design  and  the  maintenance  concept  are  based  on  a  modular 
construction  of  the  receiver,  then  the  maintenance  task  selection  can  be 
restricted  to  the  characteristics  of  each  nodule. 

4. 3 .3. 3  Sample  Size.  A  minimum  of  30  selected  maintenance  tasks  shall  be  used 
for  the  maintainability  demonstration. 


4.3 .3 *4  Maintenance  Task  Performance.  Li  accordance  with  4.3.2  of  MIL-STD-471. 

4.3 *3.5  Aceept/Reiect  Criteria.  Upon  eonyletion  of  all  loaintenance  tasks,  an 
accept  decision  shall  be  made  if  the  90th  percentile  point  of  the  resultant 
distribution  of  observed  maintenance  times  is  equal  to  or  less  than  15  minutes 
for  restoration  of  service  and  180  minutes  for  module  repair. 

4. 3.3 .6  Maintainability  Demonstration  Report,  accordance  with  4.5  of 
MIL-STD.^71. 

4.3.4  Performance  Tests.  The  receiver  shall  be  subjected  to  a  broad  spectrum 
of  performance  tests  necessary  to  confirm  that  the  basic  design  and  the  assembled 
equipment  in  fact  have  met  the  performance  of  requirements  of  this  specification 
for  both  VEF  and  UHF  operation.  The  performance  tests  shall  include,  but  may  not 
be  limited  to,  the  following  operational  parameters: 

a.  frequency  tuning  range 

b.  Repeatability  of  tuning  operation 

c.  Sensitivity 

d.  Selectivity 

e.  Local  oscillator  radiation  levels 

f.  Desensltizatlon 

g.  Cross-modulation 

h.  Output  level 

1.  Output  Level  Regulation 

j.  Audio  bandwidth  characteristics 

k.  Hum  and  noise 

l.  Harmonic  distortion 

m.  AGO  characteristics 

n.  Squelch  characteristics 

o.  AGO  versus  pulse  interference 

p.  Squelch  versus  pulse  interference 

q.  Pulse  noise  output 

r.  Frequency  accuracy  and  stability 

8.  Conducted  radiation  and  susceptabillty 


-  r  r  -- 


4.3,5  Acceptance  Testa.  Rrior  to  deliveiy  of  each  completed  receiver  assembly} 
the  contractor  shall  perform  a  thorough  physical  electrical  and  mechanical 
examination  of  the  equipment  to  determine  that  all  con^onents  and  assemblies  are 
in  complete  compliance  ulth  the  requirements  of  this  specification.  In  addition 
to  the  specific  performance  testa  which  have  been  accomplished  and  performed  on 
the  various  modulesjt  subassemblies,  minor  assemblies  and  major  assemblies  during 
the  production  phase,  the  contractor  ohuTt  perform  the  final  inspection  on  each 
deliverable  article  to  include,  but  not  necessarily  be  limited  to,  the  foUouing 
parameters: 

a.  Besettabllity  of  tuning  controls 

b.  Audio  distortion 

c.  Audio  frequency  response 

d.  Audio  output  level 

e.  Power  supply  ripple  voltage 

f.  Sensitivity 

g.  Intermediate  fjrequency  bandwidth 

h.  Image  rej'ection 

1,  Ihtemal  oseiUator  radiation  level  at  antenna  terminal 

j.  Badio  frequency  accuracy  and  stability 

k.  Automatic  gain  control  operation 

l.  Squelch  sensitivity 

m.  Noise  limiter  operation 

n.  Power  consumption 

o.  Tuning  range 

p.  ftfarm  up  time 

4.4  Submlaslon  of  Test  Procedures  and  T)ata  Porms.  The  contractor  shall  submit 
complete  and  comprehensive  test  procedures  with  appropriate  forms  for  recording 
the  results  thereof,  for  performance  tests  reqtiired  by  this  specification.  The 
procedures  and  forms  shall  cover  all  teats  described  within  this  specification, 
and  all  other  tests  reqxiired  hut  sot  described  within  this  specification.  The 
contractor  shall  identify  all  equipment  to  be  utilized  in  each  of  the  tests. 
HIL-STD-626  shall  be  used  as  a  guide  in  the  preparation  of  the  test  procedures, 
for  equipment  class  Gp. 
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4»5  SensitiTTjtY.  With  the  squelch  circuit  in  operation,  inject  a  test  signal  of 

1.5  microvolts  across  a  50  ohm  load  into  the  receiver  antenna  connection  at  a 
frequency  of  225  ^^Hs  modulated  30^  -  %  at  1,000  Hz.  Adjust  the  receiver  output 
level  control  for  an  audio  output  of  100  milliwatts  (7.75  volts).  Remove 
modulation  from  the  input  signal;  the  resultant  reading  on  the  output  meter  shall 
be  not  more  than  2.54  volts.  Repeat  the  same  measurements  at  300  yjia  and  399.95 
HHz.  (See  3.1^  and  Figs  1  and  2) 

4.5.1  VIg  Sensitivity.  With  the  squelch  circuit  in  operation,  inject  a  test 
signal  of  1.5  microvolts  across  a  50  ohm  load  into  the  receiver  antenna  connection 
at  a  frequency  of  116  MKz  modulated  305®  -  5$  at  1,000  Hz.  Adjust  the  receiver 
output  level  control  for  an  aiidio  output  of  100  milliwatts  (7.75  volts).  Remove 
modulation  from  the  input  signal:  the  resultant  reading  on  the  output  meter  shall 
be  not  more  than  2.54  volts.  Repeat  the  same  measurements  at  133  and  149.95  MHz. 
(See  3*12.  and  Figs  1  a  2) 

4.5.2  Sensitivity  of  Two  Receivers  Operated  from  Oae  Antenna.  Following  the 
procedures  prescribed  in  the  Technical  Order  for  connecting  two  receivers  in 
parallel  on  a  single  antenna,  and  using  two  receivers  or  the  same  design,  Inject 
a  signal  of  2.0  microvolts  modulated  30^  -  5%  at  1,000  Hz  into  the  single  coaxial 
input  across  a  50  ohm  load  at  each  of  the  frequencies  used  for  calculation  of  the 
interconnecting  transmission  lines.  Adj;ist  the  receiver  output  level  control 
(each  receiver  at  its  appropriate  operating  frequency)  for  an  audio  output  of 
100  milliwatts  (7.75  volts).  Remove  modulaticaa  from  the  input  signal;  the 
resultant  reading  on  the  output  meter  shall  be  not  more  than  2.54  volts  for  each 
receiver.  Performance  shall  be  demonstrated  on  three  pairs  of  frequencies  on 
each  band  (VHF  and  UHF),  with  separations  of  3  MKz  on  IHF  and  1  MHz  on  VHF,  and 
the  frequencies  located  near  the  lower,  middle,  and  upper  limits  of  each  band. 

(See  3.12.1  and  3.12.2) 

4.6  Selectivity.  Inject  an  unmodulated  signal  of  6  microvolts  across  a  50  ohm 
load  into  the  receiver  antenna  input  terminal.  Adjust  the  input  frequency  to 
prodTice  the  design  center  frequency  in  the  last  intermediate  frequency  amplifier 
output.  Record  the  resultant  AGO  reference  voltage.  Record  the  channel  frequency 
as  presented  on  the  frequency  counter,  the  settings  of  all  attenuators,  the  AGO 
reference  voltage  and  the  frequency  of  the  output  intermediate  frequency  amplifier 

Set  the  attenuation  to  a  value  6  db  below  the  level  above  and  adjust  the 
frequency  of  the  signal  generator  to  a  higher  frequency  which  will  produce  the 
identical  AGC  reference  voltage  previously  recorded.  Record  the  frequency  as 
presented  on  the  frequency  counter.  Repeat  this  proced'ure  and  record  the  lower 
frequency  which  produces  the  same  AGC  reference  voltage, 

Using  the  same  procedures,  record  the  frequencies  for  attenuation  levels  of 
20  dh,  40  dh,  60  db,  and  80  db  and  define  the  profile  of  the  selectivity  curve 
which  these  measurements  have  produced.  (See  3.12.3,  3.12.4,  3.12.5,  3*12.6  and 
Fig  4.) 

4.7  Output  Level  Regulation.  Inject  a  test  voltage  of  500  microvolts  modulated 
305fc  i  5/0  (1,000  Hz)  at  a  selected  channel  frequency.  Connect  a  600  ohm  load  to 
each  output  winding  and  set  the  audio  gain  control  to  an  output  level  of  ICO 
milliwatts  (7.75  volts).  Replace  the  main  output  load  resistor  with  a  resistor 


of  LcO  ohos  and  measxire  the  output  voltage  without  changing  the  signal  generator 
or  receiver  output  level  controls.  The  audio  output  level  shall  not  be  less  than 
4.9  volts  across  the  120  ohm  resistor.  (See  3«14>2  and  Fig.  3) 

4.S  Radio  Freouencv  Intermodulation.  A  frequency  ccunter  shall  be  required  for 
all  frequency  determinations  in  this  test.  Careful  shielding  must  be  Incorporated 
throughout  the  test  procedure  or  the  results  will  not  be  acceptable.  Connect  two 
UHF  signal  generators  through  a  hybrid  isolation  pad  to  obtain  a  dual  signal  input 
which  does  not  produce  intermodulation  products  from  either  signal  generator.  The 
receiver  squelch  shall  not  be  operated  for  this  test. 

Set  Generator  No.  2  (f^)  to  the  receiver  channel  frequency.  Adjiist  the  signal 
generator  for  a  3  microvolt  30^  modulated  >  5%  test  signal  and  adjust  the  receiver 
audio  gain  control  for  an  output  of  100  nillivatts  (7.75  volts).  Remove  the  signal. 

Set  Generator  No.  1  (f^)  to  a  frequency  100  KHz  above  the  channel  frequency 
(uzunodulated)  and  Generator  No,  2  (f|,)  to  a  frequency  200  KH2  above  the  channel 
frequency  with  3QSS  modulation  -  at  400  Hz. 

With  the  output  levels  of  both  generators  maintained  at  eqiuil  values,  increase 
their  outputs  until  a  3*875  volt  level  (25  milliwatts)  main  output  signal  is 
obtained.  It  may  be  necessary  to  retune  one  generator  very  slightly  in  frequency 
to  maximize  the  audio  output  at  the  3.875  volt  output  level.  Record  input  levels, 
correcting  for  the  isolation  pad  and  other  insertion  losses  in  the  system  when  the 
3*875  volt  output  occurs. 

Repeat  the  above  procedure  v±th.  Generator  No.  1  (fj^)  at  a  frequency  100  KHz 
below  the  channel  frequency  (unmodulated)  and  Generator  No.  2  (f^)  200  KHz  below 
the  channel  frequency  30^  modulated  *  5%  at  400  Hz.  Again  increase  the  signal 
levels  of  both  generators  equally  to  obtain  an  output  voltage  of  3*875  volts  at 
the  main  receiver  output.  These  tests  shall  demonstrate  that  input  signal  levels 
at  the  antenna  terminal  of  the  receiver  must  be  in  excess  of  10,000  microvolts  to 
overcome  the  RF  intermodulation  Immunity  required  by  this  specification.  Repeat 
the  entire  teat  procedure  on  VHF.  (See  3.22  and  Pig  5) 

4.9  De sensitization.  Set  the  frequency  of  Signal  Generator  No.  1  to  300  MHz  with 
an  output  signal  of  3  microvolts  across  a  50  ohm  load  and  modulated  30%  -  5%  at 
1,000  Hz.  Set  the  audio  output  control  to  an  output  of  100  milliwatts  (7.75  volts) 
at  the  main  output  of  the  receiver.  Set  the  frequency  of  Signal  Generator  No.  2 
alternately  to  each  of  the  prescribed  undesired  frequencies  and  at  the  signal 
levels  prescribed  in  3.21  to  determine  the  desensitization  experienced  in  each  of 
the  prescribed  off-resonant  frequencies  and  signal  levels.  In  each  of  the 
specified  conditions,  the  application  of  the  off -resonant  signal  shall  not  reduce 
the  receiver  output  more  than  2  db  (a  measured  level  of  6.15  volts)  as  recorded 
on  the  main  audio  output.  Repeat  on  VHF,  using  a  center  frequency  of  123  MHZ. 

(See  3.21  and  ^ig  6) 


f.  • 


4«10  Cross-Kodidation.  The  attenuator  of  ^gnal  (j^nerator  Ko.  2  shall  be  in  the 
position  of  maximum  attenuation.  Set  Signal  Generator  No.  1  to  an  output  control 
to  obtain  a  level  of  100  milliwatts  (7.75  volts)  at  the  main  output  of  the  receiver. 
Remove  modulation  fro^  Signal  Generator  No.  1  leaving  all  other  controls  unchanged. 
Apply  90^  modulation  -  5%  to  Signal  Generator  Rc.  2  at  a  modul;.tion  frequency  of 
400  Hz  and  output  frequency  of  300.9  MHz  and  an  output  level  of  100^000  microvolts 
across  a  50  ohm  load.  Gradually  increase  the  laimodulated  carrier  from  Signal 
Generator  Me.  1  to  a  level  of  100,000  microvolts,  noting  all  points  at  which  the 
receiver  audio  output  voltage  reaches  a  peak.  Record  Signal  Generator  No.  1  RF 
output  levels  and  receiver  audio  output  levels  at  each  of  these  peak  points. 

At  each  of  the  maximum  audio  output  points  noted  above,  set  the  attenuator 
of  Signal  Generator  No,  2  to  the  point  of  maximum  attenuation  end  record  the 
receiver  output  noise  level.  The  peak  levels  and  the  noise  levels  shall  not 
differ  more  than  3  db.  Repeat  the  procedvire  for  all  frequencies  and  signal  levels 
specified  in  3'>21.  (Also  see  Pig  6) 

4.11  Hum  and  Hoise.  Adjust  the  signal  generator  for  a  channel  frequency  of 
300  MHz  30?/  modulated  ~  5%  at  1,000  Hz  and  the  output  adjusted  to  300  microvolts 
across  a  50  ohm  load.  Set  the  audio  output  control  of  the  receiver  to  a  level  of 
100  milliwatts  (7.75  volts)  at  the  main  aiidio  output. 

With  the  equipment  operating  on  a  60  Hz  power  soiirce,  connect  a  wave  analyzer 
to  the  receiver  output  and  determine  the  amplitude  of  all  detectable  signals  at 
820,  £80-  1060,  1120  and  1180  Hz.  Hie  total  calculated  RMS  voltage  at  the  above 
meas'.red  frequencies  shall  be  at  least  50  db  down  from  the  7.75  volt  level  or 
0.0245  volts.  The  total  calculated  RMS  voltage  is  to  be  derived  by  taking  the 
square  root  of  the  sum  of  the  squares  of  tlie  measured  voltages.  Repeat  this  proce¬ 
dure  with  the  equipment  operating  on  50  Hz  AC  power  and  the  audio  measurements 
made  at  850,  900,  1050,  1100  and  1150  Hz;  with  the  equipment  operating  on  400  Hz 
power,  measurements  shall  be  accon^lished  at  200,  600,  1400,  1800  and  2200  Hz. 

Repeat  the  same  test  procedure  with  an  RF  input  signal  level  of  100,000  microvolts 
(O.l  volt). 

Remove  modulation  from  the  signal  generator  with  the  equipment  operating  at 
each  of  the  specified  AC  power  frequencies  and  record  the  resultant  AC  hum  with 
RF  signal  inputs  of  100,000  microvolts  and  300  microvolts.  The  hum  level  in  each 
case  shall  be  at  least  50  db  below  100  milliwatts  (See  3.20  and  Fig  3) 

4.12  Harmonic  Pistertion.  Adjust  the  RF  signal  generator  to  a  frequency  of 
300  l'3Is,  an  output  level  of  1  volt  across  a  50  ohm  load  modulated  3^  -  %  at 
1000  Hz  and  adjust  the  receiver  audio  level  to  an  output  of  100  milliwatts  (7,75 
volts).  With  modulation  frequencies  of  300,  1,500,  3,000  and  6,000  Hertz 
successively  applied  to  the  signal  generator,  the  total  harmonic  distortion  as 
measured  with  the  wave  analyzer  sliall  not  exceed  105o.  Repeat  the- measurement 
procedure  with  a  modulation  level  of  90^  at  the  same  modulation  frequencies  and 
meastu’e  the  total  harmonic  distortion.  The  total  distortion  at  the  90S  modulation 
level  shall  not  exceed  15S. 


Ropeat  the  barmonle  distortion  tests  at  the  same  radio  frequency  input  levels 
and  the  same  modulation  levels  and  frequencies^  but  with  the  receiver  audio  level 
control  adjusted  to  an  output  level  of  1  milliwatt  (.775  volts).  All  distortion 
requirements  previously  specified  shall  be  met.  (See  3.25  and  Fig  3) 

4.13  Automatic  Gain  Control  Veraiia  Kcdulation  Level.  Adjust  the  signal  generator 
to  an  output  frequency  2f  300  MHz  with  an  output  of  6  microvolts  across  a  50  ohm 
load  and  modulated  30^  •  5%  at  1,000  Hz.  Adjust  the  receiver  audio  output  level 
to  100  mlUivatts  (7.75  volts)  at  the  main  avidio  output.  Measure  the  AGO  voltage 
under  these  conditions.  Adjust  the  modulation  level  down  to  zero  and  up  to  90^ 

~  5%  and  record  the  AGO  voltages.  The  recorded  AGO  voltage  shall  not  vary  more 
than  •  ISo  during  these  variations  of  modulation  level. 

4.14  Automatic  Gain  Control  Versus  RF  Signal  Level.  Adjust  the  RF  signal  input 
levels  successively  to  6,  10,  15,  20,  30,  100,  1,000,  10,000,  100,000,  200,000  and 
500,000  microvolts  and  1  volt  with  m^ulation  levels  of  10^,  30^,  and  50!^  *  5%  at 
each  signal  level  and  a  modulation  frequency  of  1,000  Hz.  The  audio  output  level 
measured  at  the  main  receiver  audio  output  shall  not  vary  more  than  3  db  at  each 
modulation  level,  as  the  RF  signal  voltages  are  advanced  from  6  microvolts  to 

1  volt.  (See  3.15  and  Fig  3) 

4.15  AGO  Time  Constant.  Adjust  a  pulse  type  signal  generator  to  an  output 
frequency  of  300  MHz  and  a  signal  level  of  500  millivolts.  The  signal  shall  be 
pulsed  with  a  500  mlUlaccond  pulse  having  a  rise  time  of  not  more  than  1  milli¬ 
second  and  a  decay  time  of  not  more  than  1  millisceond.  The  pulse  shall  be 
synchronized  with  a  cathode  ray  oscilloscope  to  present  a  calibrated  sweep  far 
the  measurement  of  the  rise  time  of  the  AGO  voltage  and  the  decay  time  of  the  AGO 
voltage.  The  AGO  shall  rise  to  a  value  at  least  90^  of  the  AGO  maximum  voltage 
within  a  time  period  of  100  milliseconds  and  shall  decrease  to  a  level  of  not  more 
than  10%  of  its  zero  signal  level  In  a  decay  time  of  not  more  than  IX  milliseconds 
and  shall  decrease  to  a  level  of  not  more  than  lOJ^  of  its  zero  signal  level  in  a 
decay  time  of  not  more  than  100  milliseconds.  (See  3 •15.1) 

4.16  Squelch  Characteristics.  With  the  squelch  sensitivity  at  maximum  setting, 

an  unmodulated  carrier  of  1.5  microvolts  applied  across  a  50  ohm  load  shall  activate 
the  squelch  circuit  at  RF  input  frequencies  of  225,  300,  and  399.95  MHz.  A  teat 
signal  of  2  microvolts  applied  across  a  50  ohm  load  modulated  30^  -  5%  shall 
activate  the  squelch  circuit  at  each  of  the  prescribed  frequencies  and  be  capable 
of  prod\icing  an  audio  o\itput  level  of  at  least  100  milliwatts.  Repeat  at  116,  133, 
and  149.95  MHz.  (See  3.16  and  Fig  3) 


4.17  So.uelch  Versus  Pulse  Interference.  Adjust  the  signal  generator  and  the 
receiver  to  a  frequency  of  300  MHz  and  adjust  the  squelch  threshold  to  activate 
at  a  signal  level  of  3  microvolts  (unmodulated)  across  a  load  of  50  ohms.  Remove 
the  unmodulated  carrier  and  apply  a  pulse  signal  with  a  peak  amplitude  of  3,000 
microvolts,  a  pulse  repetition  frequency  of  300,  360,  and  420  ptilscs  per  second, 
a  pulse  width  of  10  microseconds  -  1  microsecond  with  a  1  microsecond  maximum 
rise  time  and  determine  whether  the  sqiielch  circuit  of  the  receiver  is  activated 
by  the  pulsed  signal.  Repeat  this  measurement  at  the  same  squelch  threshold,  but 


with  an  unmodulated  carrier  level  of  2  microvolts  and  a  peak  pulse  amplitude 
of  1,000  microvolts.  Again  repeat  the  procedznre  with  a  squelch  threshold  of 
30  microvolts,  a  carrier  level  of  37.5  microvolts  (unmodulated)  and  a  peak 
pulse  amplitude  of  5,000  microvolts.  Tne  squelch  circuit  shall  not  be  activated 
under  any  of  these  signal  combinations.  Repeat  all  of  the  above  measurements  with 
the  pulse  width  adjusted  to  2  microseconds  ~  1  microsecond,  a  pulse  repetition 
rate  which  shell  be  varied  from  300  to  1,500  pulses  per  second  and  a  rise  end 
decay  time  of  less  than  1/10  microsecond.  The  squelch  circuit  of  the  receiver 
shall  not  be  activated  by  the  above  signal  combinations  and  no  parasitic  effects 
such  as  ringing  or  regeneration  of  any  internal  receiver  circuit  shall  be  apparent 
during  the  performance  of  these  tests.  (See  3.19  and  Fig  7) 

4. IS  Audio  Precuenev  Response.  Adjust  the  EP  signal  generator  to  a  channel 
frequency  of  300  MHz  with  an  output  carrier  level  of  300  microvolts  modulated 
305o  -  55*  at  1,000  Hz.  Adjust  the  receiver  audio  output  control  to  a  level  of 
100  millivolts  (7.75  volts)  at  the  main  audio  output.  Uhile  retaining  the  same 
carrier  level  in  the  signal  generator  and  the  same  modulation  level,  adjust  the 
modulation  frequency  alternately  to  100,  200,  300,  500,  1,000,  2,000,  3,000,  4,000, 
6,000,  and  10,000  Hz  and  record  the  aiodio  output  voltage  for  each  modulation 
frequency.  The  output  level  shall  not  very  more  than  +1  db  or  -2  db  between  300 
and  6,000  Hz,  but  the  level  shall  decrease  continuously  below  300  Hz  and  shall 
decrease  continuously  above  6,000  Hz  and  shall  be  down  at  least  10  db  at  the 
100  Hz  and  10,000  Hz  modulation  frequencies.  (See  3.24  and  Fig  3) 


4.19  Frecuenev  Accuracy  and  Stability.  Utilizing  the  standard  tuning  procedures 
prescribed  by  the  Technical  Order  and  utilizing  a  crystal  of  the  prescribed  specifi¬ 
cation,  the  receiver  shall  be  tuned  to  116,  133,  and  150  MHz  without  benefit  of 
the  frequency  counter  and  shall  operate  within  ^  .OOIJp  of  the  specified  channel 
frequency.  Accuracy  and  stability  shall  be  maintained  over  the  environmental 
range  of  3.4.  A  calibrated  frequency  counter  shall  be  used  to  verify  the  accuracy 
after  the  tuning  operation  has  been  completed.  Repeat  procedures  on  225,  300  and 
399.95  MHz.  (See  3.11.3) 


4.19.1  Effect  of  Detuning  and  Rctunlne.  The  receiver  shall  be  detuned  to  the 
limit  of  the  tuning  controls  from  the  operating  frequencies  and  then  returned 
to  the  specified  channels  (again  using  the  prescribed  Technical  Order  procedures). 
Each  frequency  shall  be  within  the  previously  specified  accuracy  of  ~  .001^  of 
the  operating  frequency  without  benefit  of  any  external  frequency  measuring  device 
during  the  tuning  process. 


5.  PEEFARATION  FOR  DELIVLEI 


5.1  General.  Preservation,  packaging,  and  marking  shall  be  in  accordance  with 
MIl-STD-129,  and  as  specified  in  the  contract. 

5.2  Individual  Packing.  Each  unit  with  its  accessories  shall  be  packed  and  marked 
so  that  it  can  be  identified  and  re shipped  individually  without  repacking. 


6.  NOTES 


6*1  Intended  Use,  The  single  channel  VHF/DHF  receiver  described  in  this  speciTi- 
cation  ia  intended  for  uorldvride  use  in  the  air  traffic  control  environment. 
Typicallj  it  maj  be  installed  at  remotely  controlled  receiver  sites  or  collocated 
VHF/QHF  transmitter/receiver  sites  or  locally  within  the  equipment  areas  of  radar 
approach  control  CBAFCffll)  facilities  or  control  towers.  receiver  also  may  be 
installed  in  ground  control  approach  (GCA)  axid  Mobile  EAFCON  facilities.  At  remote 
locations  such  as  radar  early  warning  sites,  it  may  be  collocated  with  THF/GHF 
transmitters  and  it  may  be  required  to  use  the  same  antenna  as  the  transmitters, 
with  suitable  antenna  switching  relays  or  multi  couplers  (which  are  not  included 
in  this  specification}.  The  receiver  hoxmially  will  be  Installed  in  19”  racks  or 
cabinets  in  nmltiple  quantities  commensurate  with  the  number  of  air  traffic  control 
communication  channels  authorized  for  use  at  the  individual  air  traffic  control 
station  or  facility. 

6.2  Concent  of  Design.  The  intent  of  this  specification  is  to  produce  a  reliable 
transistorized  VEF/OHF  communications  receiver  which  may  be  expected  to  operate 
in  excess  of  1  year  in  a  typical  air  traffic  control  environment  without  failure 
of  parts  or  performance.  To  achieve  this  level  of  reliability,  the  parts  count 
must  be  held  to  a  minimum  figure  consistent  with  good  design,  and  all  components 
must  be  derated  for ' electrical  and  thermal  stresses  to  avoid  premature  failures 
in  sexvice.  Protective  circuitry  designed  to  isolate  the  operating  semiconductor 
devices  and  their  associated  components  from  destructive  transients  also  is 
expected  to  contribute  to  the  long  life  and  reliability  of  the  receiver.  The 
receiver  also  will  allow  the  use  of  a  battery  powered  (24  volt)  DC  bus  which  may 
be  floated  across  the  power  supply;  the  combination  of  receiver  reliability  and 
the  availability  of  the  battery  powered  DC  bus  ia  expected  to  provide  a  receiving 
system  with  all  of  the  advantages  and  characteristics  of  no-break  power.  The 
versatility  of  the  receiver  is  further  enhanced  by  its  compatibility  with  AC 
power  frequencies  ranging  ft'om  47  Hs  to  420  Hz  with  voltage  stability  in  the  order 
of  i  10$  of  the  nominal  voltages.  Such  flexibility  will  enable  the  receiver  to 
utilize  relatively  unstable  and  unreliable  power  sources  which  normally  could  not 
be  considered  for  regular  use  in  the  air  traffic  control  service.  Any  design 
concept  which  is  not  consistent  with  this  goal  of  reliability  and  availability 
for  service  cannot  be  considered  compatible  with  the  intent  of  this  specification 
and  will  be  considered  as  not  responsive  to  this  specification. 


TECHNICAL  EXHIBIT  OCNEE  66-68 
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VHF/UHF  TRANSMITTER  AN/GRT  (  ) 


1.  SCOPE 


1.1  This  equipment  specification  describes  a  reliable  single  channel 
transistorized  communications  transmitter  to  be  installed  in  collocated 
VHF/UHF  transmitter/receiver  ground  stations  engaged  in  the  air 
traffic  control  service  throu^out  the  vorld.  The  transmitter  shall 
be  capable  of  generating  an  amplitude  modulated  (voice)  signal  in  the 
116  to  150  MHa  and  225  to  399-95  ^Hz  *1*“  traffic  control  eommanications 
bands.  The  transmitter  shall  be  capable  of  operating  on  ach  of  the 
authorized  VHP  and  UHF  air  traffic  control  communications  channels  and 
shall  be  compatible  viith  the  50  channel  spacing  and  transmitter/ 
receiver  collocation  required  in  that  service.  The  design  and  construc¬ 
tion  of  the  transmitter  shall  facilitate  a  possible  future  modification 
for  conversion  to  25  ^z  channel  pacing.  The  transmitter  shall  be 
Mooted  to  operate  reliably  for  long  periods  of  time  under  normal 
operations.  The  transmitter  shall  consist  of  a  transistorized  exciter 
of  not  less  than  10  watts  power  output  and  ^nea?  amplifier  with  a 
minimum  carrier  power  output  of  50  watts.  The  iransmltter  shall  contain 
a  parts  count  consistent  with  good  design  and  shall  contain  all 

of  the  design  characteristics  required  to  achieve  an  MTBF  of  at  least 
10,000  hours. 

2.  APPLICABLE  DOCOMENTS 


2.1  The  following  documents,  of  the  issue  in  effect  on  the  date  of 
the  invitation  for  bids  or  request  for  proposals,  fonn  a  part  of  this 
equipment  specification.  In  the  event  of  conflict  between  the  require¬ 
ments  of  this  equipment  specification  and  the  requirements  of  the 
referenced  documents,  the  requirements  of  this  equipment  specification 
shall  govern. 


Military  SpeelfAeations 


MIL-P-116 

MIL-C-3098 

MIL-E-4158 

MIL.E-h682 

MIL-C-6781 

MIL-K-7513 


Preservation 
Quartz  Crystals 

Ground  Electronic  Equijmisnt,  General  Requirements 
Electron  Tubes  and  Transistors 
Control  Aircraft  Equipment 

Nomenclature  Assignment  and  Nameplate  Approval 


MIL.a.9858 
MIL-S-19500 
NAVSHIPS  94324 
NAVSHIPS  94501 


Standards 


MIL-3TQ-129 

MIL-STD-130 

MIL^TD-188 

llIL^m.189 

HILi^TD.415 

ICn..STD.454 

MIL-STDu470 

IfIL^rDu471 

MIL-3TD-683 

MXL^STD— 781 

MIL-STD-1^ 

KZL.ST1M03 

wTT-gm-jrj  n 

HIL.ST13.826 

MIL.3TD.831 


Qoallty  Program  Requirements 
Semieonductor  Os^ees 
Haintainablllty  Design  Hajodbook 
Reliability  Design  Handbook 


Harking  for  Shipment 

Identification  Harking  of  U.  S,  Military  Property 
Military  Communication  System  Technical  Standards 
Racks,  Electrical  EQ,  19*  and  Associated  Panels 
Test  Points 

Standard  General  Roqtilrements  for  Electronic  Equipment 
Maintainability  Program  Requirements 
Maintainability  Demonstration 
Crystals  and  Holders 
Teat  Levels  and. Aecept/Rs jest  Criteria 
'SHQPBSNtti  l^llablUty  Program 
Honan  Engineering 
Environmental  Test  Methods 
Electomagnetle  Interference  Test  Requirements 
Preparation  of  Test  Reports 


PED-3TD-595 


Paints 


HIL.HDBC.2l6 

MIL.HDBC-217 


Radio  Transmission  Lines  and  Pittings 
Reliability  Stress  and  Failure  Rate  Data  for 
Electronic  Equipment 


31P5-2-137 


31R2.1.137 


31S1.2FSA22-10 


AF  Manuals 

AFSCH  80.3 
AFLC/AFSCM  310-1 


Standard  Installation  Instructions,  RAPCON 
Communication  Facility 

Standard  Installation  Instructions,  Control  ilymr 
Facility 

(SETA  Installation  Standard,  Control  Monitor  Group 
AN/FSA.22 


Handbook  of  Design  Instructions 
Management  of  Contractor  Data  and  Reports 


Miscellaneous 


OTS  PB-l6l89i+  RADC  ReliabUity  Notebook  (RADC-TR- 58-111 ) 

ICAO  Inteimatlonal  Standards  and  Recommended 
Practices  (Annex  10 ) 

ITD  Radio  Regulations  (Geneva  1959) 

3.  REQUIREMENTS 

3ol  Perforwanoeo  The  sin^e  channel  transmitter  described  in  this 
specification  shall  be  designed  for  vorldvide  dej^oyment  in  the  air 
traffic  control  service  and  shall  operate  on  any  of  the  3*500  channels 
allocated  to  this  service  between  225  and  399^95  and  also  on  any  of 
the  680  channels  between  116  and  150  MHzo  The  transmitter  shall  be 
compatible  with  the  50  KHz  channel  spacing  of  the  air  traffic  control 
service,  but  shall  be  designed  to  permit  a  future  conversion  to  operate 
on  any  of  the  7*000  channels  within  the  same  UHF  bazxi  or  1360  channels 
within  the  VHP  band  with  a  spacing  of  25  KHz  between  adjacent  channels. 
The  exciter  portion  of  the  transmitter  shall  be  capable  of  operating 
directly  into  a  suitable  antenna*  thus  providing  a  minimum  of  10  watts 
power  output  vhen  the  50  watt  power  aiQslifier  is  not  required  or  is 
otherwise  not  in  service.  The  transmitter  shall  represent  the  state- 
of-the-art  in  reliability  and  shall  contain  parts  and  workmanship  of 
the  highest  quality.  The  transmitter  shall  perform  reliably  in  an  air 
traffic  control  environment  irtiieh  may  include  air  traffic  control 
towers,  radar  approach  control  facilities  (RAPCON's)  and  precision 
approach  radar  facilities  such  as  GCA's  and  mobile  RAPCON's.  Typically 
the  transmitter  will  be  installed  in  r^osotely  controlled  transmitter 
sites  and  collocated  VHF/UHF  transmitter/reeeiver  sites  and  will  be 
mounted  in  racks  or  cabinets  in  multiple  quantities  commensurate  with 
the  number  of  air  traffic  control  channels  in  use  at  those  stations. 

3.1.1  Type  of  Construction.  Modular  construction  shall  be  utilized 
throughout  the  transmitter.  The  transistorized  exciter  unit  shall 
constitute  one  assembly  (comflete  with  its  own  power  supply  )  which  may 
be  deployed  independently  from  the  linear  amplifier.  The  power  ampli¬ 
fier  also  shall  be  a  separate  and  Independent  assembly  containing  its 
own  power  supply.  The  internal  eonstnjction  of  both  assemblies  shall 
be  modular  and  shall  facilitate  the  rapid  exchange  of  minor  assemblies 
for  rapid  restoration  of  seirvice  in  case  of  failure.  Assemblies  and 
subassemblies  may  be  exchanged  for  similar  modules  when  the  transmitter 
is  converted  from  VHF  to  UHF  coverage.  All  cables,  connectors  and 
voltages  shall  be  compatible  amone  the  VHF /UHF  conversion  assemblies 
to  allow  full  flexibility  of  employment  and  interchange.  The  exciter 


portion  of  the  transmitter  shall  contain  no  blowers  and  shall  not 
require  forced  air  cooling  for  normal  operation.  The  design  goal  is 
to  avoid  the  use  of  blower  assemblies  in  the  power  amplifier  to  minimize 
the  nuD^er  of  eleetromeehanleal  devices  and  achieve  increased 
reliability.  Blower  assemblies  are  not  authorized  In  this  specification 
and  no  such  authorization  shall  be  assumed  unless  specifically  approved 
In  writing  by  the  Contracting  Officer  after  the  ecntractor  has  demon¬ 
strated  that  no  other  solution  can  be  employed  in  the  transmitter 
design  and  his  proposal  has  been  approved  after  a  thorough  engineering 
evaluation.  Any  blower  assembly  recommended  by  the  contractor  shall 
have  a  demonstrated  reliability  of  at  least  1  year  of  continous  duty 
operation  without  failure  or  maintenance,  and  the  air  flow  through 
the  amplifier  shall  be  oriented  from  the  front  to  the  rear  of  the 
assembly.  Ventilation  ports  (intake  or  exhaust)  shall  not  be  located 
on  either  side  of  the  exciter  cr  power  amplifier.  Air  filters  (if 
requlb^)  shall  be  located  on  the  front  panel  and  shall  be  of  the 
washaoLe  re-usable  type.  Printed  circuit  boards  shall  not  contain 
mechanical  linkages.  Printed  circuit  boards  and  modules  shall  be  so 
constructed  that  removal  and  installation  require  a  nrinliwini  of  tools 
and  soldering. 

3»1.2  Physical  Size  of  Boulpment.  The  exciter  portion  of  the  trans¬ 
mitter  shall  require  not  more  than  5-1/^*  of  panel  space  (Panel  per 
MIL-STD-189).  The  power  amplifier  shall  require  not  more  than  7**  of 
panel  space  (Panel  per  IlIL-STD-189}.  Bach  assembly  shall  mount  in  a 
standard  19"  rack  or  cabinet  and  shall  have  a  maximum  depth  of  not 
more  than  15"  behind  the  front  panel.  The  tw:  msior  assemblies  shall 
constitute  the  entire  transmitter,  including  all  powef  suoplles  and  control 
circuit  assendalles. 

3. 1.2.1  Weight  of  Eoulnment.  Total  weight  of  the  transmitter  shall 
not  exceed  70  lbs.  with  neither  the  exciter  assembly  nor  the  amplifier 
assembly  to  exceed  35  lbs.  A  design  goal  of  5^  lbs.  shall  be  maintained 
by  the  contractor  in  the  evaluation  of  all  design  techniques. 

3. 1.2. 2  Dust  Covers  and  Insect  Screens.  In  addition  to  radio  frequency 
shielding  required  to  achieve  the  technical  performance  prescribed  for 
the  transmitter,  suitable  dust  covers  and  insect  screens  shall  be 
provided  as  a  part  of  the  enclosure.  Insect  screens  shall  be  not  larger 
than  16  mesh  for  protection  of  heat  exhaust  ports  or  other  openings 

not  secured  by  dust  covers. 


3ol»3  Interehaggeabillty  of  Modules »  Modules  contained  in  the  trans¬ 
mitter  shall  be  interchangeable  with  modules  performing  the  sasie 
functions  in  other  transmitters  of  the  same  production  t]^ee  Inter¬ 
changeability  of  modules  between  transmitters  of  the  same  type  shall 
be  accomplished  and  demonstrated  without  necessity  for  realignment  of 
the  electrical  circuits  contained  in  the  interchanged  modules  and 
without  realignment  of  the  circuits  contained  in  adjacent  modules  of 
the  transmitter.  All  assemblies,  subassemblies,  printed  circuit  boards, 
and  modules  shall  be  accessible  for  testing  or  replacement,  and  shall 
facilitate  rapid  fault  location  and  restoration  of  service  by  direct 
replacement o 

3o2  Prototype  Eouioment.  Eight  (8)  preproduction  equipments  shall  be 
required  for  testlngc  Two  (2)  transsdtters  shall  be  utilized  for  in- 
plant  environmental  and  proof  or  performance  testings  Three  (3)  opera¬ 
tional  transmitters  shall  be  subjected  to  continuous  operation  at  the 
contractor's  plant  for  a  period  of  approximately  sixty  (60)  days  to 
determine  whether  the  equipment  has  met  the  design  goals  in  terms  of 
reliability,  maintainability,  and  compatibility  with  a  simulated  air 
traffic  control  environment  test  program.  Three  (3)  transmitters  shall 
be  furnished  to  the  Air  Force  for  simnltaneous  operational  suitability 
tests.  The  3  equipments  furnished  for  operational  suitability  testing 
shall  be  shipp>ed  to  an  Air  Force  site  to  be  designated  by  the  Contracting 
Officer,  Air  Force  testing  will  be  performed  at  the  site  for  approx¬ 
imately  sixty  (60)  days.  The  contractor  shall  be  responsible  for 
support  of  all  preproduction  equipments  during  the  entire  test  program 
including  installation  assistance,  familiarization  of  Air  Force  personnel 
with  the  equipment,  supply  of  parts  and  interim  instruction  manuals 
and  correction  of  repair  of  failures, 

3,3 ■  Flexibility  of  Primary  Power,  All  power  transformers  shall  be 
provided  with  primary  taps  to  furnish  the  required  rectifier  voltages 
for  AC  line  voltages  of  105,  120,  210,  and  2U0  volts  +  lOjS.  Note  that 
this  specification  requires  normal  operation  of  the  equipment  with 
input  voltages  within  ±,  10:j(  of  the  specified  primary  voltages.  Tap 
changing  of  all  appropriate  transformers  shall  be  accon^lished  simulta¬ 
neously  by  setting  a  metal  link  or  strap.  Unless  otherwise  specified 
in  the  contract,  taps  shall  be  connected  for  120  volt  operation  upon 
delivery.  The  transmitter  shall  operate  at  full  rated  power  from 
single  phase  alternating  current  sources  at  any  power  frequency  from 
U7  Hz  to  420  Hz,  In  addition  to  operation  on  the  aC  voltages  previously 
listed,  the  transmitter  shall  have  provisions  whereby  a  nominal  24  volt 
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DC  battsry  bus  nay  be  floated  across  the  power  supply  to  proTide 
emergency  power  tn  the  eTsot  of  failure  of  AC  power.  The  AC  power 
supi^y  also  shall  recharge  the  2h  volt  battery  and  maintain  it  in  a 
fully  charged  condition  without  overcharging  or  causing  damage  to  any 
component  in  the  transmitter.  The  transmitter  shall  be  so  designed 
that  application  of  a  shoirt  circuit  or  voltage  of  a  reversed  polarity 
across  the  24  volt  terminals  shall  not  result  in  failure  of  components 
(other  than  fuses)  within  the  transmitter^  Elimination  of  fuses  shall 
be  considered  as  a  design  goal  by  the  contractor  through  pz*udent  employ¬ 
ment  of  isolation  diodes  and  other  reliable  protective  devices;  any 
fuses  incorporated  in  the  design  shall  be  of  the  self-indicating  type 
and  shall  be  mounted  on  the  front  panel  of  the  transmlttar.  The  exciter 
shall  be  capable  of  rated  performance  while  being  operated  on  DC  power 
from  the  24  volt  bus;  the  power  amplifier  may  be  disabled  during  DC 
operation  if  it  cont^ns  vacuum  tubes  or  semiconductor  devices  which 
are  unable  to  achieve  an  operational  condition  from  the  DC  bus. 


.*  .*• 
-  •  «*  .  •  •  • 


Normal  Operating  Conditions 


Ambient  Temperatuz^ 
Relative  Snmidity 
AC  Line  Voltage 
AC  Line  Frequency 
DC 

Duty  Cycle 


-29®C  to  +60°C 

5%  to  95%  (+  5%) 

120  V  +  10>;  240  V  +  lOjt 
4?  to  420  Ha  " 

22  to  30  Volts 

Continuous  Unattended  at  Rated 
Power  90^  Modulated 


3.4.1 


crating  and  Storage  Conditions. 


Ambient  Temperature 
Relative  Humidity 
Barometric  Pressure 


-62°C  to  +71°C 
5>  to  95;^ 

3»34  Inches  Hg  to  31  Inches  Hg 


'I- 


3.4.2  Operation  After  Transportation.  The  transmitter  shall  bo 
required  to  operate  immediately  after  being  ncn- 

tlon  to  another,  either  while  installed  in  a  GCA  or  mobile  RAPCON  facility, 
or  while  being  transported  in  the  custody  of  the  military "supply  system. 
The  transmitter  shall  not  be  required  to  operate  while  Installed  or 
carried  in  a  vehicle  in  motion. 

3.5  General  Requirements.  The  equipment  shall  meet  the  requirements 
of  MIL-3TD-45ii  and  MIL-E-4158  regarding  design,  parts,  materials, 
processes,  identification  and  marking,  and  workmanship  except  as  other¬ 
wise  noted  in  this  specification.  The  total  weight  aixl  volume  of  this 
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equlpnent  shall  be  reduced  as  far  as  possible  without  sacrificing 
reliability  or  maintainability.  The  contractor  shall  eaqploy  all  methods 
possible  in  the  process  of  design,  development  and  manufacturing  which 
will  insure  quality  and  maxiiinira  reliability  and  maintainability.  The 
design  shall  include  all  possible  features  i^ieh  produce  reliable  and 
stable  operation  with  minimum  requirements  for  adjustments  and 
maintenance.  Conservative  desig-  practices  with  ample  operating  margins 
shall  be  employed  throughout.  The  contractor  shall  be  familiar  with 
NiVSHPS  9432h,  iNAVSiUPS  945OI,  AFSG-i  80-3,  and  the  RADC  Notebook,  and 
shall  make  ma3d.mom  use  of  the  design  guides  therein.  (See  4,3  through 
4.3. 3. 6) 

3.6  Reliability.  The  design  reliability  of  the  transmitter  and  its 
components  shall  achieve  a  Specified  Mean  Time  Between  Failures 

of  not  less  than  10,000  hours  under  conditions  of  MTT .-STD-781,  level 
A-1,  Vacuum  tube  (s)  employed  in  the  power  am^lfler  may  be  excluded 
from  the  parts  count  in  the  computation  of  this  MTBF:  however  vacuum 
tube  (s)  shall  have  a  Mean  Time  to  Failure  of  at  least  3*000  hours  in 
this  application. 

3.6.1  Reliability  Program  Plan.  The  contractor  shall  submit  to  the 
procuring  activity  for  review  and  acceptance  an  effective  and  economical 
proposed  program  plan  responsive  to  Mn.-STD-785.  The  plan  shall  be 
Included  in  the  contractor's  proposal  submitted  in  accordance  with  the 
Governments' s  Request  for  Proposals  (RFP). 

3.6.2  Reliability  Prediction.  Reliability  prediction  shall  bo  performed 
in  accordance  with  procedures  of  MIL-STD-7S5  (5«l»9«l)e  The  contractor 
shall  submit  as  part  of  the  technical  proposal,  a  reliability  prediction  i 
accordance  with  ?irL-STD-756,  using  failure  rate  data  furnished  in  MIL  Han-’ 
book  217. 

3.6.3  Derating  of  Components.  Quality  components  selected  for  their 
long  life  and  reliability  shall  be  used  throughout  the  transmitter 

and  shall  be  derated  in  each  specific  application  to  achieve  the  lowest 
practicable  failure  rate  as  reflected  for  each  component  class  in  MIL 
Handbook  217. 

3.7  Reliability  Analysis.  The  contractor  shall  analyze  existing 
designs  and  techniques  to  determine  the  methods  necessary  to  satisfy 
the  reliability  requirements  of  this  specification. 

3.7.1  Preliminary  Reliability  Estimate.  Within  days  of  contract 
award,  in  accordance  with  5.1. 9.1  of  MIL-STD-795,  the  contractor  shall 
prepare  and  submit  a  Preliminary  Reliability  prediction  of  the 
transmitter.  The  failure  rates  shall  be  obtained  from  MiL-Handbook  217 


for  tho  classes  of  components  and  the  voltage  and  thermal  stresses 
involved.  (See  4,5.2) 

3.7.2  Final  Reliability  Sstlaate.  As  the  design  of  each  major  assembly 
or  subassembly  Is  established,  the  contractor  shall  compate  and  submit 
within  30  days  the  Final  Reliability  Estimate  of  that  assembly  and 
update  the  estimated  reliability  Index  for  the  transmitter. 

Test  Conditions.  Because  of  the  KTBF  requirement  of  this 
transmitter,  the  limitad  nuaiber  of  test  articles  and  the  limited  time 
for  testing,  test  level  Af-1  of  MIL-3TD-781  shall  apply. 

3*9  Maintainability.  All  assemblies, subassemblies  and  components 
of  the  transmitter  shall  be  readily  accessible  for  maintenance,  to 
accelerate  and  fael^tate  the  location  of  faults  and  the  replacement 
of  faulty  modules  o.r  subassemblies.  The  maximum  time  for  location  of 
the  fault,  replacement  ofLthe  faulty  module  or  subassembly  and  restore* 
tlon  of  service  shjdl  not  exceed  15  minutes.  Time  shall  not  exceed  180 
minutes  for  repair  hf  the  module  Itself,  Including  checkout  and  alignment. 
(See  4,3,3) 

3.8.1  Maintainability  Program  Plan.  The  contractor  shall  submit  to  the 
procuring  activity  ..for  review  and  acceptance,  an  effective  and  economically 
proposed  program  plan  responsive  to  MIL  STD  47O.  The  plan  shall  be  included 
In  the  contractor's  proposal  submlttad  in  accordance  with  the  government's 
request  for  proposal. 

3.9  Sontractor's  Quality  Assurance  System.  The  contractor  shall  provide 
and  maintain  an  effective  Inspection  auid  quality  assurance  system 
acceptable  to  the  Goveimment  and  in  accordance  with  MIL-Q>9858.  A 
current  written  description  of  the  system  shall  be  submitted  to  the 
cognisant  Government  inspector  for  system  approval  prior  to  prsproduotlon 
inspection.  Any  changes  to  the  approved  quality  assurance  system  which 
might  affect  the  degree  of  assurance  requiared  by  this  specification  or 
other  applicable  documents  must  be  submitted  to  the  cognizant  inspector 
and  approved  in  wirlting  prior  to  use. 

3.9.1  Government  Verification  of  Contractor's  Quality  Assurance  System. 

All  quality  assurance  operations  performed  by  the  contractor  shall  he 
subject  to  Government  veidflcation  at  any  time.  Verification  shall 
consist  of,  but  not  be  limited  to: 

a.  Surveillance  of  the  operations  to  determine  that  practices, 
methods,  and  procedures  of  the  written  system  description  are  being 
properly  applie<^  and; 

b.  Government  product  inspection  to  measure  quality  of  product 
to  be  offered  for  acceptance.  Failure  of  tho  contractor  to  correct 
dofielencies  discovered  by  him  or  of  which  he  is  notified  shall  be 
cause  for  suspension  of  acceptance  until  corrective  action  has  been 
mads  or  until  rinfoirmance  of  product  to  prescribed  criteria  has  been 
demonstrated. 


3.10  Protective  CireuitrVc  The  transmitter  shall  contain  stii table 
senloonductor  protective  circuitry  to  Isolate  all  active  audio  and 
radio  frequency  transistors  and  semiconductor  devices  from  destructive 
transient  voltages  or  spi.:es  introduced  into  the  transmitter  from  the 
JJi  power  line  and  the  DC  bus.  The  protective  circtiits  shall  react  to 
short  duration  transients  occuring  either  at  a  random  or  recurring 
rate  and  shall  become  effective  within  100  nanoseconds  of  the  leading 
edge  of  the  transient  pulse.  The  protective  semiconductor  devices 
shall  be  effective  against  transients  up  to  ^  times  the  amplitude  of 
the  ambient  voltage  in  the  circuits  to  be  protected  and  shall  not 
disable  the  transmitter  during  their  protective  operation.  The  con¬ 
tractor  shall  demonstrate  that  adequate  transient  voltage  protection 
has  been  provided  for  all  semiconductors,  including  those  associated 
with  the  RF  output  circuits  and  power  supply  circuits, 

3.10.1  Protection  from  High  VSWR,  Protective  circuits  activated  by 
Vdtage  Standing  Wave  Ratios  (vSWR)  greater  than  3^1  shall  be  provided 

in  tne  10  watt  exciter  to  protect  the  output  transistors  from  destructive 
conditions  produced  by  high  levels  of  reflected  RF  power, 

3.11  Test  Points,  The  contractor  shall  prepare  a  List  of  Proposed 
Test  Points  in  accordance  with  4, 4, 2, 4  of  HIL-STD-415  to  be  delivered 
at  the  same  time  as  the  Preliminary  Reliability  Estimate  (3,7al). 

3.11«1  Major  Test  Points,  Major  test  points  necessary  to  confirm 
proper  operation  of  the  transmitter  and  necessary  in  the  location  of 
faults  in  major  modxtles  shall  be  available  on  the  front  panel  and 
shall  be  sufficient  to  identify  major  modules,  assemblies,  or  sub- 
assemblies  which  may  have  failed  or  deteriorated  in  service. 

3.11.2  Minor  Test  Points,  Minor  test  points  required  during  bench 
testing  or  alignment  procedures  shall  be  readily  available  upon  removal 
of  dust  covers  and  shall  be  sufficient  to  identify  faults  or  deteriorated 
performance  within  each  printed  circuit  card  or  minor  subassembly  of  the 
transmitter.  Tost  points  shall  be  readily  Identified  and  cross-referenced 
in  the  handbook  of  maintenance  instructions  which  also  shall  contain 
reference  to  necessary  waveforms,  voltage,  current,  or  resistance 
readings  that  may  be  appropriate  for  the  individual  test  points, 

3.11.3  Built-in  Tuning  Meters,  A  ruggedlzed  and  protectively  fused 
tuning  meter  shall  be  built  into  the  exciter  assembly  with  a  suitable 
switching  circuit  to  provide  all  necessary  measurements  during  a  normal 
tuning  process.  The  meter  also  shall  provide  a  measurement  of  forward 
power  and  reflected  power  in  the  exciter  output  circuit  and  modulation 
percentage  measurement. 


PowBr  Aapllflar  Metering.  One  or  more  ruggedized  and  protectively 
ftised  meters  shall  be  provided  In  the  power  amplifier  assembly  for 
proper  tuning  and  loading  of  the  ampllHer  stage*  Provision  also  shall 
be  made  for  measuring  forward  power  and  reflected  power  in  the  output 
transmission  line,  using  one  of  the  Integral  maters  in  the  amplifier 
assembly. 

3.11*5  Metered  Circuits.  Circuits  to  be  metered  shall  include,  but 
shall  not  be  limited  to  the  following. 

a.  All  voltages  and  currents  necessary  to  confirm  or  establish 
normal  equipment  operation. 

b.  Voltages  and  cuzrents  necessary  to  isolate  operational  trouble 
in  coordination  with  the  use  of  ma.ior  test  points  (3*11*1). 

c.  Forward  power  and  reflected  power  in  the  SP  transmission  line. 

d.  iatUo  input  level  in  dba  across  a  600  ohm  load. 

e.  Modulation  level  In  percent. 

3.11.6  Mater  Selector  Switch.  A  clearly  designated  rotary  selector 
switch  shall  be  Included  with  the  necessary  meters  and  meter  shunts. 

The  combined  accuracy  of  the  meter,  meter  shunts  and  other  associated 
circuitry  shall  be  within  ±  10!i(  on  power  and  modulation  and  within  *  5% 
on  voltage  and  current. 

3.12  Automatic  Switching  of  Antenna.  To  achieve  the  maximum  operational 
reliability  of  the  exciter  and  to  avoid  reliability  limitations  Imposed 
by  the  power  amplifier,  provisions  shall  be  incorporated  for  automat- 
Ically  switching  the  antenna  from  the  amplifier  to  the  exciter  output 
stage  in  case  of  amplifier  failure  or  primary  AC  power  failure. 

3.12.1  Antenna  Switching  by  Semiconductor  Device s.  To  avoid  the  use 
of  electromechanical  relays,  the  contractor  shall  design  and  devise 
semiconductor  switching  tectaiques  for  automatically  transferring  the 
antenna  from  the  amplifier  to  the  output  stage  of  the  exciter.  The 
semiconductor  switch  also  shall  return  the  antenna  to  the  amplifier 
upon  restoral  of  AC  power  or  restoral  of  operational  capability  to  the 
amplifier.  Substitution  of  electromechanical  relays  for  the  semi¬ 
conductor  switches  shall  not  be  authorized  unless  specifically  recuested 
by  the  contractor  with  fully  explained  justification  and  sxjocifically 
approved  in  wrtting  by  the  Contracting  Officer  after  a  thorough  engi¬ 
neering  evaluation. 


3ol2o2  Antenna  Change~Over  (Transitiit-Receive )  Relay »  A  suitable 
output  circuit  shall  be  provided  for  activating  an  external  2k  volt 
DC  antenna  change-over  relay  (not  to  be  furnished  under  this  specifi¬ 
cation)  in  synchronization  vith  the  carrier  control  circuits.  An 
output  voltage  of  24  volts  DC  shall  be  available  to  supply  the  change¬ 
over  relay,  vith  a  current  capability  of  at  least  100  milllamperes. 

The  external  relay  circuit  shall  be  sufficiently  filtered  to  prevent 
the  external  leakage  of  radio  frequency  from  the  transmitter  and  to 
prevent  the  introduction  of  external  radio  frequency  sipnsTs  ■'»>to  the 
transmitter.  The  relay  control  voltage  shall  Iim  avail  able  when  the 
equipment  is  operated  from  AC  or  DC  supplies  with  or  wa^nout  the 
amplifier  in  operation  and  shall  contain  current  limiting  circuitry 
incorporating  nondestructive  devices  to  protect  the  switching  circuits 
in  case  of  external  short  circuits. 

3.12.3  Antenna  Connectors.  The  radio  frequency  output  circuit  shall 
be  designed  for  connection  to  a  5^  ohm  unb^anoed  flexible  coaxial 
cable  through  a  constant  impedance  N-type  connector  at  the  rear  of 
the  equipment. 

3.13  Harmonic  and  Spurious  Outputs.  The  level  of  each  spurious 
frequency  at  the  transmitter  output  connector  including  harmonics  of 
the  ea.*7ler  frequencies  at  all  modulation  percentages  up-  to  SOjL  and 
frequencies  up  to  1,000  KHz  shall  be  at  least  80  db  below  the  level 
of  the  carrier  fundamental. 

3«13«1  Radiated  and  Conducted  Noise  Interference.  To  minimize  all 
radiated  and  conducted  noise  interference  in  the  j^equency  range  25 
to  1,000  MHz  idilch  may  be  radiated  directly  from  the  equipment  enclosure 
or  conducted  outside  the  enclosure  on  external  wiring,  adequate  shield¬ 
ing  and  filtering  shall  be  provided  on  all  leads  entering  or  leaving 
radio  frequency  compartments. 

3.13.2  Undesired  Radiation  Level.  When  measured  at  a  distance  of  4' 
from  the  transmitter  enclosure,  radiation  levels  shall  not  exceed  the 
following  maxima: 


All  frequencies  between  25  10  microvolts 

and  1,000  MHz 

Carrier  frequency  with  9056  10,000  microvolts 

+  5%  mod\ilation 


3«1^  Cryatal  Oaelllator.  Tha  tranamltter  shall  incorporate  a  crystal 
oscillator  possessing  inherent  stability  characteristics  sufficient 
to  achieve  a  ftreqiaency  accuracy  of  +,001^  at  the  operating  frequency 
of  the  transoltter.  The  ci^stal  shall  be  installed  in  or  through  the 
front  panel  of  the  transmitter;  installation  or  removal  of  a  crystal 
for  a  different  channel  frequency  shall  not  require  removal  of  the 
transmitter  from  the  rack  either  for  access  to  the  crystal  or  retunlng 
of  internal  transmitter  circuitry* 

3. 1^.1  Crystal  Unit.  The  crystal  oscillator  shall  function  with  a 
standard  crystal  of  the  desired  frequency  accuracy  and  stability  in 
accordance  with  lIIL-C-3098*  With  the  crystal  properly  installed  in 
the  front  panel  of  the  transmitter,  the  crystal  shall  not  extend  beyond 
other  fixed  components  (such  as  dials,  knobs,  switches  and  connectors) 
also  extending  from  the  front  panel. 

3. 1^.2  Crystal  Oven.  The  basic  design  of  the  transmitter  shall  not 
contain  a  crystal  oven  unless  the  contractor  demonstrates  that  the 
required  degree  of  frequency  accuracy  and  stability  cannot  be  achieved 
in  any  other  manner.  Operation  of  the  crystal  oven  shall  not  be 
noticeable  or  apparent  in  any  internal  circuit  of  the  transmitter  and 
shall  not  be  audible  in  the  audio  output  of  the  transmitter.  In  the 
event  that  a  crystal  oven  should  be  anproved  by  the  Contracting  Officer, 
an  amber  indicator  ll^t  shall  be  mounted  on  the  frpnt  panel  to  indicate 
operation  of  the  oven  beater.  The  crystal  oven  (if  approved)  shall 
be  provided  in  accordance  with  the  following  requirements: 
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Crystal  Oven  Socket 
Operating  Temperature 
Heater  Power 
Crystal  Oven  Base 


For  HC-6/U  Holder 
Controlled  670+5OC 
24  V  X,  0.25  amperes  or  less 
Standard  Octal 


3 .1^.3  External  Oscillator  Input.  The  transmitter  shall  have  a 
provision  for  use  of  an  external  precision  oscillator  (not  to  oe 
furnished  with  this  equipment)  for  frequency  control  of  the  transmitter 
in  lieu  of  a  crystal.  The  external  radio  frequency  input  required  for 
normal  operation  shall  not  exceed  0.15  volts  RMS  into  a  5C  ohm  ^  2  ohm 
impedance.  A  t3npe  BMC  connector  shall  be  provided  for  the  external 
oscillator  input. 

3.14.4  Maximum  Allowable  Frequency  Deviation.  Coder  all  combinations 
of  normal  operating  conditions  specified  in  3*4  including  those  combina¬ 
tions  where  the  net  effects  are  additive,  the  total  deviation  under 
humidity,  temperature,  loading,  modulation,  and  power  fluctuations 


shall  not  ezeaad  *  .001^  of  the  designated  carrier  frequency.  (See  4.5 
and  Figure  1} 


3.15  Bxeiter  Power  Output.  The  exciter  portion  of  the  transmitter 
shall  deliver  a  ainimum  carrier  power  output  of  not  less  than  10 
watts  to  a  50  obn  resistor  load  throughout  the  frequency  range  of 

116  to  150  MH*  and  225  to  399*95  Ma*  At  this  carrier  power  level  and 
with  a  modulation  level  of  90^  ^  the  exciter  shall  be  capable  of 
normal  operation  into  reactive  loads  producing  voltage  standing  wave 
ratios  (VSUR)  of  not  greater  than  3  to  1.  (See  4.6) 

3.15.1  Aap^^f^er  Power  Output.  When  driven  by  the  transmitter  exciter 
the  power  amplifier  shall  deliver  a  minimum  ean*ier  power  output  of  $0 
watts  into  a  50  ohm  resistive  load  throughout  the  frequency  range  of 
116  to  150  MH*  and  225  to  399.95  MH*.  With  the  signal  modulated  at  a 
level  of  905^  +  5/^  snd  with  a  carrier  output  of  not  less  than  50  watts, 
the  amplifier  shall  be  capable  of  operating  into  a  reactive  load  prodnC' 
Ing  voltage  standing  wave  ratios  (VSWE)  of  not  greater  than  3  to  1. 

(See  4.6.1) 

3.16  !fc)dulation.  Amplitude  modulation  of  the  transaiitter  at  maarimnm 
rated  power  shall  be  achieved  to  a  level  of  90ii  *  5^  from  an  audio 
input  signal  to  the  speech  amplifier  of  -15  dbm  to  '^10  dbm.  (See  4.7) 

3.16^  Optioaal  -Module  for  Input  ^levels  Below  -15  dbm.  in  optional 


3ol7.3  Audio  Comorasalon  and  Limiting  Clreulta.  Th«  traasnittor  shall 
contain  audio  compression  and  Halting  circuits  designed  to  prevent 
over-modulation  of  the  carrier  under  all  conditions  and  to  retain  a 
high  modulation  level  of  the  traasaitter  (85  to  90/6  +  5^)  under 
variable  audio  Input  levels  from  -15  dbn  to  *  10  dbmo  (  See  ho?) 

3.18  Transmitter  Carrier  Hum  and  Molse.  With  the  transmitter  opera¬ 
ting  at  a  carrier  power  output  of  50  watts  modulated  901^  +  the  total 

hum  distortion  shall  be  not  less  than  50  db  below  a  1,000  Hz  test  tone 
output  level.  Separate  measurements  shall  be  made  with  primary  power 
input  frequencies  of  50,60,  and  hOO  Hz.  Test  frequencies  for  each 
of  the  specified  AC  power  frequencies  are  prescribed  in  Section  4  of 
this  sneclflcatlon. 


The  amplitude  of  each  radio  frequency  tnteraodulatlon  product  shall  be 
at  least  30  db  below  the  amplitude  of  each  of  two  interfering  signals 
fed  simultaneously  into  the  transmitter  output  connector  and  spaced 
+500  KHz  from  the  normal  transmitter  output  frequency,  but  with  the 
transmitter  in  a  "carrier  off"  condition. 

3.19o3  Radio  Frequency  Incermodulation  (VHF)  (Carrier  off  Condition). 


The  amplitude  of  each  radio  frequency  intermodulation  product  shall 
be  at  least  35  db  below  the  amplitude  of  each  of  < nterforintr  signals 
fed  simultaneously  into  the  transmit'ar  output  connector  and  spaced 
+250  KHz  from  the  normal  transmitter  output  frequency,  out  with  the 
'/HF  transmitter  in  a  "carrier  off"  condition. 


3* 21*1  ProteetlTa  Devlaw!*  on  AnHip  Inimt  Clrenlta,  Th®  audio  Input 
circuit  shall  withstand  without  peroanant  damage.  Input  pulses  applied 
to  each  terminal  pair  and  from  terminals  to  chassis  of  >1,000  volts 
peak,  with  rise  time  not  over  10  microseconds,  duration  of  not  over 
50  sdcroseconds,  and  decay  time  of  not  less  than  600  ndcroseconds 
measured  between  10^  and  90^  of  peak  amplitude.  After  100  pulses  of 
each  polarity  applied  between  input  terminals  and  afterwards  between 
tarndnals  and  chassis  at  Intervals  of  not  over  1  second,  any  resulting 
dhange  In  gain  shall  not  affect  the  modulation  level  of  the  trans¬ 
mitter  more  +2/i. 

3.22  Mlerophone  Input.  The  front  panel  of  the  transmittar  shall 
contain  a  suitable  Jack  for  a  single  button  carbon  microphone  with 
Push-to  Talk  switch  contained  In  the  mi^srophone  and  a  suitable  connector 
for  a  dynamic  microphone,  1Q.09  or  equivSlent  also  equipped  with  Push-to- 
Talk  switch  on  the  microphone. 

3.23  Modulatlftw  Gain  Control.  A  modulation  gain  control  shall  be 
mounted  in  a  location  which  Is  readily  aceesslbls  for  adjustment.  The 
gain  control  shall  be  a  continuously  adjustable  composition  or  wire 
wound  resistor  type  with  a  logarithmic  taper. 

3.2^  Switches.  The  front  panel  of  the  transmittsr  shall  possess  3 
basic  toggle  switches  as  follows:  (l)  On-off  switch,  (2)  Control  sviteh 
(local/ remo te ) ,  (3)  Two-posltlon  s^teh  labelled  "Push-to-Talk**  (normal) 
and  "Carrier  Test." 

3.2h.l  AitmHf-<ar  Switches.  The  power  amplifier  shall  be  eq^pped  with 
a  power  on-off  switch  located  on  the  front  panel  of  the  amp&fler 
assembly.  The  power  amplifier  power  switch  shall  be  Independent  from 
the  power  switch  on  the  exciter  assembly. 

■3,25  Selection  of  Semiconductor  Devlees.  All  semiconductor  devices 
shall  bo  environmentally  qualified  production  articles  in  accordance 
with  MIL-S-I95OO  which  have  been  selected  for  their  performance  and 
reliability.  Germanium  sendoonductor  devices  shall  not  be  incorporated 
in  the  transmitter  design. 

3.25«1  Substitution  of  Semiconductor  Devices.  Substitution  of  seml- 
conductor  devices  (semiconductors  not  authorized  byt  MIL-S-19500 )  shall 
not  bo  authorized  unless  specifically  requested  by  the  contractor  with 
fully  explained  justification  and  specifically  approved  in  writing 
by  the  Contracting  Officer  after  a  thorough  engineering  evaluation. 


3e23o2  Mounting  of  Semi conductors »  All  semiconductors  with  vire  leads 
shall  be  soldered  into  the  circuit »  All  other  seniconductors  shall  be 
mounted  in  accordance  with  the  recommendations  of  their  manufacturers < 

3.26  Palnto  The  transmitter  shall  be  finished  in  a  semi-^oss  gray 
color  according  to  FED«STDh.595»  color  26132a  Necessary  marldJigs  on 
this  siu'faee  shall  be  accomplished  in  a  compatible  semi-gloss  whiteo 

4,  SAMPUNii.  INSPECTION,  Ai40  TEST  PROCEEUBSS  REQUIRED  FOR  QUALITI 
ASSGRaNCE 


4.1  General.  The  contractor  shall  be  responsible  for  the  performance 
of  an  inspection  and  testing  requirements  as  specified  herein.  All 
contractor  prepared  test  procedures  shall  be  approved  by  the  Contracting 
Officer  prior  to  commencement  of  testing.  Except  as  otherwise  speci¬ 
fied,  the  contractor  may  utilise  his  own  or  any  other  inspection 
facilities  and  services  acceptable  to  the  Goveznsment.  Inspection 
records  of  the  examination  and  tests  shall  be  kept  complete  and  avail¬ 
able  to  the  Government  as  specified  in  the  contract.  The  Government 
reserves  the  right  to  perform  any  or  all  of  the  Inspections  set  forth 
where  such  inspections  are  deemed  necessary  by  the  Government  to  assure 
that  supplies  and  services  conform  to  the  prescribed  requirements. 

4.2  Classification  of  Testa.  Prescribed  inspections  and  the  tests 

of  the  equipment  shall  be  classified  as  qualification  tests  and  accept¬ 
ance  tests, 

4.3  Qualification  Tests.  Qualification  tests  shall  be  performed  by 
the  contractor  on  the  f Irst  2  complete  equipments  produced  under  this 
specification.  To  minimize  the  elapsed  time  for  performance  of  the 
tests  and  the  development  of  test  data,  the  Air  Force  may  desire  to 
perform  operational  suitability  tests  at  the  same  time  that  the  contrac¬ 
tor  is  performing  enviromental  tests, 

4.3.1  Environmental  Tests.  Enviroiunental  tests  shall  be  performed  in 
accordance  with  MIL-STD.810  unless  otherwise  specified  herein, 

4. 3.1.1  Low  Pressure.  Components  and  asses^ies  shall  be  subjected 
to  test  method  300,  procedure  I. 

4. 3.1. 2  High  Temperature o  Components  and  assemblies  shall  be  subjected 
to  test  method  301,  proced\ire  I, 


4. 3.1, 3  Low  Temperature.  Components  and  assemblies  shall  be  subjected 
to  test  method  302,  procedure  I. 


4. 3.1.4  HiaaldltT.  Components  and  assemblies  shall  be  subjected  to 
test  method  507t  procedure  I. 

4. 3*1. 5  Vibration.  Components  and  assemblies  shall  be  subjected  to 
test  method  514,  procedure  I.  The  test  shall  be  for  equipment  class  5* 
using  test  cuz^  A.  of  Figure  514-5  • 

4. 3.1.6  Stock.  Components  and  assetdalles  «haTl  be  subjected  to  test 
method  51o»  procedures  I,  H,  and  VI. 

4. 3 •2*  ReliabilitVa  The  contractor  shall  establish,  a  reliability 
assurance  program  that  is  planned*  Intergrated  and  developed  in  conjunc¬ 
tion  uith  other  planning  functions.  The  program  shall  be  based  upon 
the  specified  requlremencs*  the  complexity  of  design*  the  quantity 
^toder  procurement*  and  the  manufacturing  techniques  required.  The 
^ogram  shall  assure  adequate  reliability  consideration  throughout 
the  respectiye  design*  development  and  production  as  necessary  to 
meet  the  contractual  reliability  requirements. 

4.3. 2.1  Reliability  Program  Plan.  The  contractor  shall  submit  a 
detailed  Reliability  Program  Plan  in  accordance  with  MIL  SiD  785 

as  a  separate  and  complete  entity  within  the  tcbal  system  project  delinea¬ 
tion.  The  program  plan  shall  be  submitted  no  later  than  30  days  after  award 
of  contract.  Submission  of  the  proposed  detailed  program  plan  concurrent 
with  the  contractor's  technical  proposal  is  prescribed  in  3.6.1  of  this 
specification. 

4. 3.2.2  Basis  of  Compliance.  The  reliability  program  plan*  as  approved 
by  the  procuring  activity  axxl  incorporated  into  the  contract*  becomes 
the  basis  for  contractual  compliance. 

4. 3. 2. 3  Reliability  Program.  A  minimum  reliability  program  applicable 
to  this  specification  shall  consist  of  (but  not  be  limited  to)  program 
elements  contained  in  MIL-STD-785  as  follows: 

a.  Reliability  Organization  (MIL-STD-785*  5.1.1) 

b.  Management  and  Control  (MIL-STD-785*  5.1.2) 

c.  Program  Review  (MIL-STD-785  *  5.1.3) 

d.  Critical  Items  (MIL-STD-785,  5.1,8) 

e.  Apportionment  and  Mathematical  Models  (MIL-STD-785*  5.1.9) 

f.  ReUabillty  Prediction  (MIL-STD-785,  5. 1,9.1) 

g.  Design  Reviews  (MIL-STD-785,  5.1,10) 
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h«  Sapi^ler  and  Subcontractor  BellablUty  Programs  (HIL-STD.783* 

5.1.11) 

io  Human  Enginooring  (MIL-STlD-785*  5.1.13) 
jo  Safety  Engineering  (MIL-STD-785,  5*1.15) 

k.  Maintainability  (MIL-STD-785,  5*1.16) 

l.  Failure  Data  Collection.  Analysis  and  Correctire  Action 

(MIL-STIX.785,  5.1.19) 

m.  Reliability  Demonstration  (MIL.STD-785,  5*1.20  Section 

^.3*2.^.  below) 

^.3.2o^  Reliability  Demonstrationo  The  oontractor  is  required  to 
submit  a  statistical  test  plan,  to  be  used  in  the  demonstration  of 
the  required  reliability  of  the  equipment, within  thirty  (30)  days 
after  the  date  of  the  contract.  The  test  plan  plus  details  of  its 
implementation  shall  be  submitted  as  part  of  the  program  plan. 

4, 3.2. 5  Seneral  Demonstration  Test  Provisions.  The  provisions  of 
MIL-STD-781  apply  except  ^ere  they  are  in  conflict  with  provisions 
given  to  this  specification,  whereas  this  specification  takes  precedence. 


(a)  MIBF  -  the  specified  Mean  Time  Between  Failures  (O  )  is  stated 
in  Section  3  as  10,000  hoxirs. 


(b)  Test  Level  -  Test  Level  A-1,  as  defined  in  Section  4,1  of 
HIL-3TD-781  shall  apply. 


(c)  Definition  of  Failure  -  The  contractor  must  submit  for  approval 
details  of  operational  criteria  and  specific  definitions  of 
failure  for  the  eoulpments  under  test. 


(d)  Sample  Size  -  Three  (3)  operational  transmitters  shall  be 

available  at  the  contractor 's  plant  for  the  purpose  of  relia¬ 
bility  demonstration  tests. 


(e)  Preproduetion  Test  Plan  -  Test  Plan  XXV  or  MIL-STD-781  shall 
be  used,  with  a  descrlminatlon  ratio  of  3*0  and  alpha  and  beta 
risk  of  ,30.  The  contractor  has  the  option  of  submitting  with¬ 
in  Thirty  (30)  days  an  alternate  statistical  plan  for  approval. 
Any  alternate  plan  would  be  based  on  the  specific  provisions  in 
(a),  (b),  (e),  and  (d)  above  plus  the  constraint  of  a  maximum 
testing  period  of  60  dajrs  calendar  time. 
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(f )  Produetlftw  qaAlifleatlon  Tast  Plan.  -  Test  Plan  C-6  of  Table 
2D>1(c)  mil  HDBK-E  108  shall  be  used,  with  a  discrimination 
ratio  of  3*0  and  an  alpha  and  beta  risk  of  .lOo  The  saiqple 
shall  be  made  from  that  first  months  productiono 

(g)  Prodnction  Sampling  Test  Plan  -  Test  Plan  C-3  of  Table  2D-l(e}« 
MIL  HDBS-H-1Q8  with  a  discrimination  ration  of  5*0  and  an  alpha 
and  beta  ratio  of  olO  for  acceptance  of  each  months  prodactiono 

4,3.3  Ma.lntainabilitv  Dewonstrationo  A  maintainability  demonstration 
shsdl  be  performed  by  the  contractor  to  show  compliance  with  the  quanti¬ 
tative  requirement  of  Section  3a 8  for  corrective  maintenance.  In  con June 
tion  with  this  requirement,  the  following  portions  of  'IIL-STD-471  apply. 

4, 3. 3.1  Demonstration  Plan.  The  contractor  shall  prepare  a  demon¬ 
stration  plan  for  approval  ty  the  contracting  agency  in  accordance  with 

4.2  of  MIL-STD-47L. 

4.3. 3. 2  Maintenance  Task  Selection.  The  contractor  shall  demonstrate 
compliance  of  the  repair  time  specified  in  3.3  through  V'z  faialt  simu¬ 
lation  method.  This  method  shall  be  performed  by  introduction  of  faulty 
parts,  deliberate  mdsalignments ,  etc.  Simulated  faults  shall  be 
generated  for  each  anticipated  failure  mods  of  each  module.  The  general 
technique  of  task  selection  as  discussed  in  Appendix  A  of  HIL-STD.47I 
for  corrective  maintenance  tasks  only  shall  apply.  Since  both  the 
design  and  the  maintenance  concept  are  based  on  a  modular  construction 

of  the  transmitter,  then  the  maintenance  task  selection  can  be  restricted 
to  the  characteristics  of  each  module. 

^•3 •3.3  Sample  Size.  A  odnimum  of  3D  selected  maintenance  tasks  shall 
be  used  for  the  maintainability  demonstration. 

4,3.3.^  Maintenance  Task  Performance.  In  accordance  with  4,3.2  of 

MIL-STD-471. 

4, 3. 3. 5  Accept /Re  .iect  Criteria.  Upon  completion  of  all  maintenance 
tasks,  an  accept  decision  sha3JL  be  mads  if  the  9Dth  percentile  point 
of  the  resultant  distribution  of  observed  maintenance  times  is  equal 
to  or  loss  than  15  minutes  for  restoration  of  service  and  180  minutes 
for  module  repair, 

4.3. 3.8  Maintainability  Demonstration  Report.  In  accordance  with  4.5 
of  MIL-3TD-471. 


4.3.4  Performance  Testa.  The  transmitter  shall  bo  subjected  to  a  broad 
spectrum  of  performance  tests  necessary  to  confirm  that  the  basic  design 
and  the  assembled  equipment  in  fact  have  met  the  performance  requirements 
of  this  specification.  The  performance  tests  shall  Include,  but  may 
not  bo  limited  to,  the  following  operational  parameters: 


a.  Carrier  pover  output 

b.  Carrier  modulation  level 

e.  Tuning  range  of  equipment 

d«  Repeatability  of  tuning  operation 

e.  Audio  response 

f.  Audio  distortion 

g.  Carrier  noise 

h.  Intermodulation  distortion 

lo  Parasitic  and  spurious  oscillations 

Conducted  and  radiated  radio  frequency  energy 

k.  Transient  protection 

l.  Module  Interchangeability 

m.  Variable  frequency  AC  and  DC  power  supply  performance 

4.3.5  Acceptance  Teats.  Prior  to  delivery  of  each  completed  trans¬ 
mitter  assembly^  the  contractor  shall  perform  a  thorough  physical 
electrical  and  mechanical  examination  of  the  equipment  to  determine 
that  all  coB^nents  and  assemblies  are  in  complste  compliance  with 
the  requirements  of  this  specification.  In  addition  to  the  specific 
performance  tests  which  have  been  accomplished  and  performed  on  the 
various  modules*  subassemblies*  minor  asse]iA>lies  and  major  asseisblies 
during  the  production  phase*  the  contractor  shall  perform  the  final 
Inspection  on  each  deliverable  article  to  include*  but  not  necessarily 
be  limited  to*  the  following  parameters: 

a.  Exciter  power  output 

b.  Percentage  of  modulation  at  maximum  exciter  output 

e.  Power  as^ifier  power  output 

d.  Percentage  of  modulation  at  maximum  power  aa^llfier  output 

e«  Audio  distortion  measured  at  exciter  output 

f.  Audio  distortion  measured  at  power  amplifier  output 

g.  Audio  frequency  response  of  transmitter  modulator 

h.  Audio  input  level  for  maximum  modulation 

i.  Frequency  tuning  and  resettability 

J.  Hum  and  noise  content  of  carrier 

k.  Radio  frequency  accuracy  and  stability 

l.  Power  consumption  in  normal  operation 

m.  Tuning  range 

n.  Metering  accurracy 

o.  Dwermodulation  protection 


4.4  Submission  of  Test  Proeadures  and  Data  Forms.  The  contractor  shall 
sulrndt  eonplete  and  comprehensive  test  procedures  with  appropriate  forms 
for  recording  the  results  thereof,  for  all  performance  tests  required 
by  this  specification.  The  procedures  and  forms  shall  cover  all  tests 
described  within  this  specification,  and  all  other  tests  required  but 
not  described  within  this  spedfleatlon.  The  contractor  shall  identify 
all  equipment  to  be  utilized  in  each  of  the  tests.  MTT>-fiTD-826  shall 

be  used  in  the  preparation  of  the  test  procedures,  for  equipment  class  Gp, 

4.5  Frequency  Accuracy  and  Stability.  Utilizing  the  exact  procedures 
specified  in  the  Handbook  of  Maintenance  Instinictions ,  the  transmitter 
shall  be  tuned  to  frequencies  of  II6,  124,5,  133*  141.5*  149»95*  225* 

250*  275*  300,  325*  350*  375*  and  399«95  MH*  and  loaded  to  its  rated 
power  output.  The  output  frequency  then  shall  be  measured  (at  each 
operating  frequency)  with  a  frequency  counter  of  established  accuracy. 

The  frequency  shall  not  deviate  more  than  Od^  from  the  indicated 
operating  frequency.  The  transmitter  shall  be  detuned  and  then  returned 
to  each  of  the  indicated  frequencies  for  a  second  successive  cycle  and 
again  shall  be  measured  within  >,001)(  of  the  specified  frequency. 

Under  all  combinations  of  load,  modulation*  temper attire,  and  humidity 
conditions,  the  frequency  shall  remain  within  >.001^  of  the  desired 
frequency,  (See  3 •14, 4)  ” 

4.6  Exciter  Power  Output.  The  exciter  shall  be  coupled  to  a  50  ohm 
resistive  load  and  shall  deliver  not  less  than  10  watts  of  carrier 
power  on  thefirequencies  specified  in  4,5,  The  same  output  levels 
shall  be  obtained  when  operating  into  a  reactive  load  resulting  in  a 
voltage  standing  wave  ratio  of  3  to  1  in  the  exciter  output  circuit. 

(See  3.15) 

4.6.1  Exciter  Protective  Circuits  Activated  by  High  VSWR  -  The  exciter 
shall  be  coupled  to  a  load  circuit  whichmay  be  adjusted  for  either  capacitive 
or  inductive  loads  over  an  impedance  range  which  will  produce  V5WR  greater 
than  3*1  in  the  output  transmission  line  to  demonstrate  effective  operation 
of  the  protective  circuits.  The  circuits  shall  protect  the  output  stage 
from  damage  when  confronted  by  an  open  antenna  circuit,  a  shorted  antenna 
circuit,  and  reactive  loads  producing  a  VSVJR  of  5^1.  (^«  3»10.l) 

4.6.2  Transmitter  Power  Output.  The  transmitter  shall  be  coupled  to 
a  50  ohm  resistive  load  and  shall  deliver  not  less  than  50  watts  of 
carrier  power  on  each  of  the  frequences  specified  in  4.5.  The  same 
power  output  levels  shall  be  obtained  :dien  operating  into  a  reactive 
load  resulting  in  a  voltage  standing  wavs  ratio  of  3  to  1  in  the  antenna 
output  circuit.  (See  3.15.1) 

4.7  Audio  Level  Required  for  90']^  Modulation.  With  the  transmitter 
adjusted  to  an  operating  frequency  of  300  MHz  and  delivering  a  measured 
power  output  of  at  least  50  watts  into  a  50  ohm  load,  an  audio  signal 
generator  shall  be  aoplied  to  the  audio  input  of  the  transmitter  to 


determine  audio  signal  levels  required  for  90J*  modulation  of  the  carrier. 

An  audio  frequency  of  1,000  Hz  at  a  level  of  >15  dbm  shall  be  applied 
to  the  speech  amplifier  input  and  a  90ib  *  5^  modulation  level  achieved 
by  adjustment  of  the  transmitter  modulation  control.  With  audio  frequen¬ 
cies  successively  applied  to  a  level  of  -15  dbm  at  each  300  Hz  from 
300  to  6,000  Hz,  the  modulator  shall  deliver  sufficient  audio  power  to 
produce  a  90'^  *  amplitude  modulated  envelope  without  any  adjustment 
of  the  modulation  level  of  control. 

The  input  audio  level  of  1,000  Hz  shall  be  advanced  to  -^lO  dbm  and 
the  modiilation  envelope  shall  not  exceed  90j(  *  5^  modulation  level. 
Over-modulation  of  the  carrier  envelope  shall  not  be  acceptable  under 
any  audio  signal  input  condition  or  adjustment  between  -15  dbm  and 
■♦"10  dbm. 

Adjust  the  transmitter  for  90;^  modulation  with  an  audio  input 
of  1,000  Hz  at  0  dbm.  Reduce  the  audio  input  to  -15  dbm  and  again 
measure  the  carrier  envelope.  The  modulation  level  shall  not  decrease 
below  a  level  of  80^  +  5?^.  (See  3.16  and  3«17) 

h,8  Radio  Frequency  It^ermodulatlon.  Intermodulation  tests  shall  be 
accomplished  on  both  VHF  and  UHF  using  two  transmitters  of  the  same 
type.  Care  shall  be  exercised  to  prevent  spurious  radiations  from  the 
interconnecting  transmission  lines  or  other  equipment  from  degrading 
the  accuracy  of  the  test  measurements.  To  ac^eve  the  20  db  attenuation 
prescribed  in  the  level  of  the  interfering  signal,  a  suitable  length  of 
lossy  radio  frequency  transmission  line  shall  be  employed  to  provide  a 
euanilatlve  20  db  loss  between  the  second  transmitter  and  the  transmitter 
under  test.  The  level  of  the  interfering  signal  shall  be  measured  with 
a  50  ohm  resistive  load  substituted  for  the  transmitter.  The  inter¬ 
fering  signal  shall  be  fed  to  the  transmitter  output  connector  in  a 
manner  i^ch  does  not  disturb  the  normal  impedance  relationship  of  the 
transmitter  output  circuit  and  dummy  antenna  load.  (See  3«19  through 
3.19.3  and  Figure  3) 

4.8.1  Interfering  Signal  Source.  Each  interfering  signal  shall  be 
generated  by  a  transmitter  of  the  same  type  as  the  transmitter  under 
test. 

4.8.2  Intermodulation  Measurement.  The  device  for  measuring  intermod¬ 
ulation  product  amplitude  shall  be  so  designed  and  so  isolated  from  the 
transmitter  output  that  distortion-  and  intermodulatlon  within  the  device 
do  not  affect  the  Intermodulation  measurements. 

4.8.3  Exciter  Intermodulatlon  Tests.  Each  intermodulatlon  test  specified 
for  the  complete  transmitter  shall  be  repeated  utilizing  the  exciter  only. 
The  interfering  transmitters  also  shall  be  reduced  to  their  exciter  por¬ 
tions  to  achieve  intermodulatlon  measurements  among  identical  signal  sources 
on  both  VHF  and  UHF, 


^.9  Transmitter  Hum  Distortion.  Adjust  the  transmitter  for  rated  output 
on  399*95  ^z*  Modulate  the  carrier  90^  with  a  -15dbB  audio  signal 

at  lyOOO  Hertz.  When  operating  from  60  Hertz  power,  use  a  wave  analyzer 
to  measure  the  amplitude  of  any  audio  signals  appearing  at  820,  880,  1060, 
1120,  and  1180  Hertz  on  the  demodulated  carrier.  Determine  the  sum  of  the 
squares,  and  develop  the  square  root  of  the  sum  of  the  squares.  Calculate 
the  attenuation  In  decibels  relative  to  the  1000  Hertz  level. 

Repeat  the  above  operation  when  using  50  Hertz  power.  Measure  the 
amplitude  of  audio  signals  at  850,  900,  IO5O,  1100,  and  II50  Hertz  on 
the  demodulated  carrier.  Using  the  square  root  of  the  sum  of  the  squares, 
calculate  the  attenuation  In  decibels  relative  to  the  1000  Hertz  level. 

Repeat  the  above  operation  when  using  hOO  Hertz  power.  Measure  the 
amplitude  of  audio  signals  at  200,  6OO,  1400,  1800  and  2200  Hertz  on 
the  demodulated  carrier.  Using  the  square  root  of  the  sum  of  the  squares, 
calculate  the  attenuation  In  decibels  relative  to  the  1000  Hertz  level. 

Adjust  the  modulation  level  at  30'/l(  snd  repeat  the  measurements 

using  50,  60  and  400  Hertz  primary  power. 

With  the  transmitter  operating  at  rated  power  output  on  149.95  MHz, 
repeat  all  of  the  above  measurements  at  30^  90^  modulation  levels, 

with  primary  power  frequencies  of  50,  60,  and  400  Hertz.  (See  3*18 
Figure  4). 

5.  PREPARATION  FOR  DELIVEHI 

5*1  General.  Preservation,  packaging,  and  marklne  shall  be  in  accord* 
ance  with  MIL*STD-129,  and  as  specified  in  the  contract. 

5.2  Individual  Packing.  Each  unit  with  its  accessories  shall  be  packed 
and  marked  so  that  it  can  oe  identified  and  reshlpped  individually  with¬ 
out  repacking. 

6.  NOTES 

6.1  Intended  Use.  The  single  channel  VHF/UHF  transmitter  described  in 
this  specification  is  intended  for  worldwide  use  in  the  air  traffic  con¬ 
trol  environment.  Typically  it  may  be  installed  at  remotely  controlled 
transmitter  sites,  collocated  VHF/UHF  transmitter /receiver  sites,  or 
locally  within  the  equipment  areas  of  radar  approach  control  (RAPCON) 
facilities  or  airport  control  towers.  The  transmitter  also,  may  be 
installed  in  ground  controlled  approach  (GCA)  and  mobile  RAPCON  facilities. 
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At  remote  locations  such  as  radar  early  uarning  sites*  it  may  be  co-located 
with  VHF/DHF  receivers  and  it  may  be  required  to  use  the  same  antenna  as  the 
receivers*  with  suitable  antenna  switching  relays  or  multi-couplers  (which 
are  not  included  in  this  specification )o  The  transmitter  normally  will  be 
installed  in  19**  racks  or  cabinets  in  multiple  quantities  commensurate  with 
the  munber  of  air  traffic  control  communications  channels  authorized  for  use 
at  the  individual  air  traffic  control  station  or  facilitVo  The  exciter 
portion  of  the  transmitter  may  be  employed  in  GCA,  mobile  RAPCON  or  locally 
within  control  tower  facilities  where  space  is  premium  and  10  watts  of 
transmitter  power  is  accepted  as  an  adequate  power  level  for  normal  operations 
The  small  size  of  the  transmitter  exciter  and  its  reliability  in  service 
may  in  some  instances  lead  to  its  multiple  installation  in  lieu  of  previously 
programmed  multi-channel  facilities » 

6,2  Concept  of  Design,  The  intent  of  this  specification  is  to  produce  a 
reliaole*  transistorized  VHF/UHF  communications  transmitter  exciter  ^rtiieh 
may  be  expected  to  operate  in  excess  of  1  year  in  a  typical  air  traffic 
control  environment  without  failure  of  parts  or  performance  and  a  50  wa.tt 
linear  amplifier  incorporating  the  same  concept  of  equipment  reliability. 

To  achieve  this  level  of  reliability,  the  parts  count  must  be  held  to  a 
minimum  figure  consistent  with  good  design  and  all  components  must  be 
derated  for  electrical  and  thermal  stresses  to  avoid  premature  failures 
in  service.  Protective  circuitry  designed  to  isolate  the  operating  semi¬ 
conductor  devices  and  their  associated  components  trom  destructive  transients 
also  is  expected  to  contid.bute  to  the  long  life  and  reliability  of  the 
transmitter.  The  transmitter  exciter  also  will  allow  the  use  of  a  battery 
powered  (2*»  volt)  DC  bus  which  may  be  floated  across  the  power  supply;  the 
combination  of  transmitter  reliability  and  the  availability  of  the  battery 
powered  DC  bus  is  expected  to  provide  a  transmitting  system  with  all  of  the 
advantages  and  characteristics  of  no-break  power.  The  versatility  of  the 
transmitter  is  further  enhanced  by  its  compatibility  with  AC  power  fre¬ 
quencies  ranging  from  b?  Hz  to  420  Hz  with  voltage  stability  in  the  order 
of  *10%  of  the  nominal  voltages.  Such  flexibility  will  enable  the  trans¬ 
mitter  to  utilize  relatively  unstable  and  unreliable  power  sources  which  nor¬ 
mally  could  not  be  considered  for  use  in  the  air  traffic  control  service. 

The  availability  of  the  transmitter  exciter  is  further  enhanced  by  the 
automatic  switching  of  the  antenna  from  the  50  watt  linear  amplifier  to  the 
output  of  the  10  watt  exciter  in  case  of  AC  power  failure  or  failure  of  the 
50  watt  amolifier.  Any  design  concept  which  is  not  consistant  with  this  goal 
of  reliability  and  availability  for  service  cannot  be  considered  compatible 
with  the  intent  of  this  specification  and  will  oe  considered  as  not  responsive 
to  this  specification. 
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FIGURE  1 

FREQUENCY  ACCURACY/STABILITY  TESTS 


FIGURE  2 

HARMONIC/UISTORTION  TE.^TS 


APPENDIX  B 


AIR  TRAFFIC  CONTROL  VHF  AND  UHF  FREQUENCIES 


Appendix  B  contains  a  listing  of  the  VHF  and  UHF  frequencies  which 
were  used  in  the  computer  model  developed  by  ARINC  Research.  The  VHF  fre 
quencies  were  defined  by  referring  to  report  number  FAA-RD-76-13 ,  System 
Design  Study  for  VHF  Universal  Data  Link  and  DABS  Combinations.  The  UHF 
frequencies  were  indicated  by  a  computer  printout  obtained  from  the  Spec¬ 
trum  Engineering  Division  (AES-500)  of  the  FAA. 


TABLE  B-1 


ASSIGNED  VHP  AIR  TRAFFIC  CONTROL  FREQUENCIES 


ATC  Frequencies 

Number  Available 

50  kHz 

25  kHz 

Beuid  MHz 

Use 

Spacing 

Spacing 

118.0-121.4 

Air  Traffic 

Control 

69 

137 

121.5 

Emergency 

1* 

1* 

123.6-128.8 

Air  Traffic 

Control 

105 

209 

132.025-135.975 

Air  Traffic 

Control 

79 

159 

Total 

254 

506 

*100  kHz  spacing  for  the  Bnergency  Channel 
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APPENDIX  C 


COMPUTER  MODEL  LISTING 


A  computer  model  was  developed  to  choose  sets  of  VHP  and  UHF  frequen¬ 
cies  and  to  calculate  intermodulation  products  formed  by  them.  This  model 
provided  the  basis  for  the  quick-look  analysis  described  in  the  body  of 
the  report.  The  model,  developed  by  ARINC  Research,  was  vnritten  in 
Fortran  IV  and  implemented  on  a  PDP  11/34  computer. 

A  listing  of  the  prograim  appears  in  this  appendix. 
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eccccccccccccccecccccccccccecccccecccccccccccccccecccccccccccccccccccccc 

c 

c  IHOD  -  slaulation  to  dataralna  iha  impact  of  intarnodulation 

c  on  tranaaittar  co-location.  Uaar  sracifiaa  nuaber  of  VHF 


c  and  UHF  tranaalttarav  ainiaua  intarf raouencv  SpacirH  to  ha 

c  obaarvadf  and  a  *datta  f*  which  raaraaanta  the  ainuatja  •safe* 

c  interval  around  each  freouencv.  The  usar-srecif led  IN  rro- 

c  ducts  era  calculated  for  each  esirina  of  freouencias*  these 

c  eroducts  are  coaearad  with  each  freauancv  to  see  if  thav 

c  fall  within  delta  f.  If  thaw  dot  than  a  ‘hit*  is  scoradi 

c  the  arocass  is  reaeatad  for  each  fraouencw  aeirl  and  then 

c  a  new  sat  of  randoa  fraouancias  is  aenarated  and  the  rrorass 

c  starts  over.  A  arintout  aiwas  statistics  and  distribution 

c  of  hits, 

c 

c  Loaical  units!  1  •  terainalr  2  •  disk.  (OKI!).  3  >  arintar 

c 

c  written  bw  Rick  Conner 

c  ARINC  Research  Cora, 

c  2SS1  Riva  Road 

c  Annaaolis  ND  21401 
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c  11  Auaust  1983 
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0025 
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0026 

22 

0027 

0028 

0029 

23 

0030 

0031 
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0032 

26 

0033 
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0034 

0035 

0036 

0037 
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0038 

31 

0039 

0040 

0041 
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0042 

0043 

real *4  vf list < 1000) .uf 1 isti 1000) t free <50 > .vhfsaa.uhfsea.vortfa 
real *4  daltaf • suahit > souhl t > laarodtaaant s laaa .skale. rend. f nbw 

raat*4  aairstcoaa 

lntaaarS2  dist (Ot 1000) t altar »nu»whf»nuauhf. tot vhf » to tuhf » i terct 
inteaor«2  saadl tsaed2> start .and. this > that .hi ts >aark s .aax. i >f ixi t 
loalcaltl  clear.hoasf ans>f laabtf laactf laadr f lase. riswr.stlaeiR) 
loaicalft  wf leaf f f laaionef t twof 

« 

coaaon/saads/saedl >seed2 

coaaon/tester/f reof laarod tdaltaf .fabwthlts .end. vf 1 a9>  f f laa 

claar»24  'ASCII  clear  >jcreen 

hoaa“30  !  ASCII  hoae  cursor 

flKit-lS 

write! 1 > 10 )c tear (hoae 
foraatt lxi2al ) 

wrltailf*)'  IHTERNODULATION  SIMULATION' 

writa(lfS)'  a ' 

writed.lS) 

foraat < / ' tEnlar  nuaber  of  iterations  <30  -  30*OPO>...') 
read! 1 «*)nlter 

if <ni tar . at . 27 . and .ni tar .  1 1 .30001  )so  to  20 
wrlte<1.17) 

foraat<'*0ut  of  ranae  -  aleasa  trw  asain...') 

90  to  lA 
write! 1 .21 ) 

foraat! /' •Enter  nuaber  of  OHF  freouertcies  ( ue  to  22)...') 
read!  1  r  S  )nuavhf 

if ( nuavhf . 1 t . 23 . and.nuavhf . 9e .0)90  tn  25 
writa<lt23) 

foraat! 'fYour  selection  is  out  of  ranae)  alease  trv  »9ain...') 

so  to  22 

Mrlta!lf2A) 

foraat</'*Fntar  nuaber  of  UUF  freauanclas  <ija  to  22)...') 
read! 1 «*)nuauhf 

if !nuauhf .lt.23.and.nuauhf .aa.0)ao  to  30 
urlta!lt23) 

90  to  27 
writa!lf31) 

foraat!/'»Entar  aln.  UHF  Intar-f raouencw  seecina  'MHz)!  ') 

read! t  »S)vhfsaa 

writa!tt35) 

foraat(/'»Entar  ain.  UHF  intar-f reouencv  seacir.s  (MHz)!  ') 

read! 1 r t )uhf sea 

writa!lf40) 
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0059 
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0060 

0061 

57 
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0065 

0066 
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0067 

0068 

0069 

0070 

0071 

0072 
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0073 

0074 

0075 

0076 

0077 

61 

0078 

0079 

0080 

0081 

62 

0082 

0083 

0084 

63 

0085 

0086 

0087 

c 

c 
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0088 

0089 

0090 

too 

0091 

0092 

0093 

0094 

0095 

110 

0096 

0097 

0098 

112 

0099 

0100 

120 

0101 

c 
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0102 

0103 

0104 

125 

0105 

0106 

0107 

130 

c 
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format (/'tEntvr  VOR  fraouancv  -  112*118  HHz  or  0  for  nonat  ') 

ra«d( 1 f *)vor 

wrlta<lf45> 

for»a^</'4€f>tar  FH  froouanev  -  88*108  MHZ  or  0  for  nonaS  ') 

raad<lv*)f» 

if (fa* la«0>ao  to  49 

writa(lf47) 

foraatC/'fCntar  FH  bandwidth  in  HHzt  ') 

raad< 1 **)f»bw 

writadfSO) 

foraat(/'4Entar  dalta*f  in  HHzt  '' ) 
raaddfOdaltaf 

aroaat  uaar  for  which  twaas  of  IH  aroducti  to  chack  for 
wri ta< 1 >  SS) 

foraati/'  For  aach  of  tha  followina  IH  ^rodocisr  enswar  *Y*  if') 
writad  *56) 

foraat<'  you  want  to  chack  for  it***'/) 
wrltadtS7) 

foraati '  a)  2f  *  f ' ' t  Y' )  I  rhack  thia  one  anwwaw 

writad  tS8) 

foraatt'ft  b)  2f  4-  f"J  ') 

raad (1*59) ana 
f laab«*falaa* 
foraatdal ) 

if  (ana*ao*  *'i*  •or*an«*ao*  'h*  >f laab**trua* 
wr ita< 1 »40) 

foraat<'9  Of-  f"*  ' ) 

raaddfS9)ana 
f laac**falaa* 

lf(ana«ao« 'Y' •or*an9«aa* 'w' >f laac*« trua* 
writadfAl) 

foraat<  d  d)  f  ♦  f "  t  '  > 
raad< 1 »59)ans 
f laad«*falsa* 

if  <an««ao«  d'  •or«ari9*eo*  'w'  >flaad**trua* 
yritadf62) 

foraat<d  a)  2f  t  ') 

raad( 1 *S9)an« 
f laaa««f alsa* 

if  (ana*ao«  ''i'  •or  «an9*ao*  >f  la«a«*trua* 

wrltadf43) 

foraatid  f)  3f  t  d 

raadd*59)ana 
f laaf«*falsa« 

i f ( ana • ao  *  d ' • or • ana  *  ao • ' v ' >  f I aaf • • t  rua  * 

raad  fraouancw  tablaa  into  aaaorw  froa  diak  filaa 


oran(unit«2«twra>dlddnaaa-'DKltri00»t003FREa*VKF 


raadonlwf carrlaaacontrol*'  Hat' ) 
totvhf«0 
totvhf*totvhf+l 

raad  ( 2 » *  *  and*  llOvflistC  totvhf  > 
ao  to  100 
totvhf ■totvhf -1 
cloaa(unlt«2) 
oaaniuni t«2» tvra" 'old' »naaa» ' DKl l r lOOt 1003FRCO •UHF 
raadonlyfcarriaaacontrol* '  Hat ' ) 
totuhf «0 
totuhf "totuhf kl 

raad(2r9*and*120)uf I  tat <  totuhf ) 
ao  to  112 
totuhf * totuhf -I 
cloaa(unit*2) 


or an  fila 
aat  VMF  countar 
advanca  VHF  countar 
raad  a  fraouancv 
kaaa  aoina  'til  EOF 
correct  tha  count 
cloaa  tha  fila 


itarct*! 

auahi t«0 

aauhi t«0 

call  tiaa(atiaa) 

dacoda<  8f 130»  at iaa ) aaadl *aaad2 

foraat( i2r4Kpi2) 


aat  itaration  counter 
au»  of  hits 
aun  of  (hita  souarad) 
call  for  avataa  tire 
to  aaad  random  aen'r 
with  hour  I  seconds 


atart  Itaration  looa  here 
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oioa 

200 

urli*( 1 >201 >it4rcttnit>r 

0109 

201 

formate/'  Itaration  numbar  '»15r'  of  * p 

i5f ' • 4  * ' > 

0110 

hlts-O 

f  rasat  hit  counter 

0111 

fr«a<l)-121.5 

1  OHF  amarsanc>4  frao 

0112 

rraa<2)>243.0 

1  UHF  amarsanev  free 

0113 

«tart«3 

011^ 

if (vor 400160)^10  to  205 

•  assisn  a  UOR? 

oils 

f roo<  start  >«vor 

0116 

4t«rt“4 

0117 

203 

if (fB.4a>0>4o  to  210 

1  assisn  an  FHT 

OllB 

f  r«o<»t»rl>»f«i 

0119 

starl-itarttl 

0120 

210 

and^mtart'-i 

1  tammorar*^  set 

0121 

if (numvhf 4  It  4 1 )ao  to  212 

•  ans  UHFs  y 

0122 

and«4tart+n<jawhf-l 

f  wasf  how  manw'^ 

0123 

call  ^icl>  <vf  llstvtotvhf  tf  rao»start»and* 

vhfsam)  1  sat  random  OHFs 

0124 

212 

if<nuai>jhf .It.Dao  to  220 

0123 

4tart»4nd+l 

1  anv  UHF? 

0126 

ar»d»<tart>mjm«jhf-l 

(  wasf  count  thf^m 

0127 

216 

call  mick (uf  1  i«t •  totuhf » f reof starttandf ijhf 4ai» >  *  sat  rf*ndom  UHFs 

c 

c 

calculata  and  tact  IM  arod'jcts  for  aach 

fraouanew  eair 

0128 

220 

do  290  thi4al>and 

•  subscrlrt  for  "f" 

0129 

vflaa>.fal4a< 

0130 

ffla9><falaa< 

0131 

if (f raa( thi«> • 1 t • 118*0>vf laa~>trua. 

)  is  this  a  OORT 

0132 

If  (fraa<thl«>  .lt.l08.0)fflaa«.tr>ja. 

•  is  this  an  FHT 

0133 

If ( .not* f laaatao  to  223 

0134 

iaarod~2*f rao( this) 

!  tost  2f 

0133 

call  tost 

0136 

223 

if< .not.flaaf >ao  to  240 

0137 

imarod«3tf rao<  this) 

1  tost  3f 

0138 

call  tost 

0139 

240 

do  280  that* If and 

•  subscriet  for  *f** 

0140 

if<this>oa.that)So  to  280 

1  don't  eair  with  self 

0141 

If  <frao(thst)  •0>'^^l44*'>^fua. 

1  is  that  a  OORT 

0142 

if<fran(that)  .U.108.0)fflaa>.trua. 

!  is  that  an  FHT 

0143 

laarod«2»f rao<  thls)-f rao(that) 

!  tost  2f  -  f' 

0144 

call  tost 

0143 

If < >not<flssb)9o  to  230 

0146 

iaaroda2tf  roa<  this)  tfrao<  that) 

1  tost  2f  t  f' 

0147 

call  tost 

0148 

230 

If ( thett f lsSc)So  to  260 

0149 

loo  rodaf  roo (this)~fraa<  that  > 

1  tost  f  -  f' 

0130 

call  tost 

0131 

260 

if ( •not< f la9d)90  to  280 

0152 

1 or  rod’f  roo  <  this ) tf  roo  <  that ) 

!  tost  f  +  f' 

0133 

call  tost 

0134 

280 

continua 

0133 

290 

continua 

0136 

sumhi  t«s*jmhi  tthi  ts 

*  accumulate  hits 

0137 

rhits*hlts 

*  convert  to  real 

0158 

so'Jhlt«sauhltt(  rhitsa*2. ) 

*  and  souare  of  hits 

0139 

if  (hits4  St  4ma>:)max*hits 

f  max  no 4  hits 

0160 

dist(htts)>dist(hits)tl 

*  distribution 

0161 

ltarct»ltarcttl 

♦  advance  iter at  ion  ent 

0162 

if ( ltarct.st>nitar)So  to  320 

!  finished"^ 

0163 

Mrita< 1 f 292)hlts 

0164 

292 

foraati'  Accuaulatad  hits!'  'fi4) 

0163 

So  to  200 

'  next  iteration 

c 

and  of  itaration  loom 

0166 

320 

wrlta(3>322) 

0167 

322 

foraatC '1 '  >  18k> 'RANOOH  FREQUENCY  INTERMOOULAT ION  SIHI.II.AT  ION  '  ) 

0168 

0169 

323 

writa<3f323> 

format  e  18X  f  '  **«»»•■  =  «  a  **«***a-s- --»»■«*  s.s.s 

0170  wril*(3»32S)nil«rfd«llaf 

0171  325  formate//'  MUWPER  Of  ITFRaTIONSJ  '  r  15^  13?:^ 'DELTA  F  *  '»fl0*3» 

X  '  HMr ' / > 

0172  wr  iia(  3f  327)riumvhf  f  vhf 

0173  327  formate'  RANDOM  VMF  rREOUEMCIESJ  '  »  i  3»  1 3;<*  '  VHF  SFACING  -  » 

X  fA.3f'  MHz') 

0174  wri  ta<  3 » 329)numuhf  »ijhf 

0175  329  formate'  RANDOM  UHF  FREOUFMCIES:  '  •  iS*  I3:;f 'UHR  SFACIWG  ^  '» 


f6.3f'  MHz') 
urit*(3r331> 

for»«t<//'  VHF  EMERGENCY  •  121.300  MHz' > 13Kr 'UHF  EMERGENCY  » 
'243.000  MHz') 
wrlt»(3>333)vorf fM 

foTMtC'  OCR  EREQUEMCY  »  'tf7.3»'  HHz'.13k>'EH  BROADCAST  »  , 

f8.3.'  MHz') 
i  bw>f  aibw*  1 000 
uri tc( 3 t 334 ) ibw 

fomsK'  (forc*4  bandwidth  25  tiHz)'.17>n 

'(forcad  bandwidth  ♦/-  '*i3»'  kHz)') 
writa(3>33S) 

Yoraat < 21« t '  (FraoHjancw  of  zaro  aaana  not  taatad  for)') 

onaf”0 

twof«l 

writa<3f 337) 

foraati//'  INTERMGDUCATIOH  ERODUCTS  TESTED!  2f  -  f'  ') 

if <f laab)writa(3t339) 

forBat<35><t '2f  +  f''  ') 

if (f laac)writa<3t341 ) 

foraat<35K» 'f  -  f''  ') 

if <f la*d)writa(3>343) 

foraat(3SMt 'f  +  f '  '  ' ) 

if  (  flaaa)writa< 3.300) 

foraat<35x. '2f ' ) 

lf<f laaf )writa(3.310) 

foraat<3Sx. '3f ' ) 

if <  f laab ) twof 'twof El 

if  <  f  laaOtwof'twofEl 

if (f laad)twof«twof41 

if <f laaa)onaf«onafEl 

if  (  f laaf )onaf>onaf 41 

rand-and 

coaa>( rand«a2. )«<and-l )atwof4onafarand«*2.  !  ♦  possibla  hits 
aaan>aijBhit/nltar  i  avaraaa  hi  t.s/ i  tarat  Ion 

ilaaa«<aaijhita/nitar  -  <suBhlta/nltar)«a2.  )««0.5 

!  standard  deviation 

wrlta<3.343) 
foraat<//lx.80( lh«) ) 
write(3f350) 

foraati/'  FREQUENCY  CONFLICTS.") 
wr i ta( 3. 354 )coae 

foraatC  NUMBER  OF  POSSIBLE  CONFLICTS!  '.f7.0) 

writa<3.3S3)aaan 

foraati'  MEAN  CONFLICTS  PER  ITERATION!  '.fA.l' 

writa< 3.334 )siaaa 

foraatC'  STANDARD  DEVIATION!  '.lOK.fO.l) 

wPita<3.345) 

writa<3.3SS) 

foraat!/'  CONFLICT  DISTRIBUTIUN  FOLLONS' ) 


y-C--: 

•  •  a  ■  a  •  < 


^  k*  .* 

%  •«  V 

■ 


dray  distribution 

iiiax*»a>5>3  I  Uf»it  to  chart 

y r i ta<  3  f  360) 

format<  '  IFREHUItNCY  CONFLICT  DISTRIBUTION  -  HITS  .  'b 

'TIMES  (NUMBER  OF  ITERATIONS)') 
y  r  i  ta  <  3  f  362 )  nuitvhf  ?  nuMuhf  *  d«  I  taf  r  ni  t«r 

for»at</'  ('b12i'  VHFb  'fl2»'  UHF*  d»lta  f  =  '.f6.3*'*  'bIS* 

'  itvrstions ) ' ) 
yrit»(3f 365) 

foriaatl//'  NUMBER  NUMBER') 

formate  '  OF  HITS  OF  TIMES') 

write<  3b370) 
yrita<3f375) 
formate lH*80<lhs)) 

I  look  for  lar^tast  PIST(|) 

do  37S  l«0Bmax 

if (dlste 1 ) .4t.bla>bia-dlst< 1) 
conilnua 
sk  ala«1000 • 

1  f  ( bl  S « 1 1  a  5000 )  a  la*  too  a  i  *at  scalas  for  chart 

ifCbltfa lt<  500 ) sV  a 1 a* 1 0  f 
if  (big.  It.  50)  si's!  a*l 


w  •  .s  j 


NUMBER' ) 

OF  TIMES') 


»  look  for  lar^ast  PIST(i> 


*  sat  scalas  for  chart 


V-  .'-V 
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0240 

lio  400  l>Oi*iaK 

0241 

■arKs«dl*t(  1  )/aliala 

0242 

if  <  aarks . at • 50  >aarks>SO 

0243 

If  (aark.a.li.l)wrlta(3i380>l  tdiatd) 

0244 

if (aarkSf  aa> 1 >wri ta( 3 1 385 )i>dlst(l> 

0245 

380 

f oraat ( 3k  tl4t2Kt'i't2xii5f3Kt'!'> 

0246 

385 

foraat <  3Kt  14f2Kf '  >  '  •2xt  15«3k»  '  1 '  #<aarlta>(  lh*>  > 

0247 

400 

contlnua 

0248 

uritc<3t375) 

0249 

itOA 

0250 

and 
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5 

RU>0«CaNtLCL 

6 

SEEDS 
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2 
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7 

TESTER 

000332 
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RUfDiOVR.OBL 

VARIABLES 
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TYPE 

ADDRESS 
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ADDRESS 

NAME 

TYPE 

ADDRESS 

NAME 
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AN3 

L«1 

4-023536 

BIO 

R«4 

4-023566 

CLEAR 

Ltl 

4-023534 

COMP 

R*4 

4-017554 

END 

1«2 

7-000326 

FFLAO 

L«1 

7-000331 

FIXIT 

It2 

4-023532 

FLAOB 

L*1 

4-023537 

FLAGO 

Ltl 

4-023541 

PLAGE 

Ltl 

4-023542 

FLAQF 

Ltl 

4-023543 

FM 

R*4 

4-017514 

HITS 

1«2 

7-000324 

HOME 

Ltl 

4-023535 

I 

It2 

4-023530 

IBU 

1*2 

4-023564 

ITERCT 

1«2 

4-023514 

MARKS 

Tt2 

4-023524 

MAX 

It2 

4-023526 

MEAN 

R*4 

4-017530 

NITER 

It2 

4-023556 

NUMUMF 

It2 

4-023506 

NUMVHF 

It2 

4-023504 

ONEF 

Ltl 

4-023554 

REND 

Rt4 

4-017544 

RHITS 

Rt4 

4-023560 

SEEDl 

1*2 

6-000000 

SEED2 

1*2 

6-000002 

SKALE 

R«4 

4-017540 

SOUHIT 

Rt4 

4-017524 

START 

1*2 

4-023516 

SUMMIT 

Rt4 

4-017520 

THIS 

It2 

4-023520 

TOTUHF 

It2 

4-023512 

TOTVHF 

1*2 

4-023510 

TUOF 

Ltl 

4-023555 

VFLAG 

L«1 

7-000330 

VHFSEP 

Rt4 

4-017500 
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R*4 

4-017510 

NAME 

TYPE 

ADDRESS 

DFLTAF 

R*4 

7-000314 

FLAOC 

L*t 

4  023540 

FMBU 

R«4 

7-000320 

IMPROD 

R«4 

7-000310 

MITER 

142 

4-023502 

PAIRS 

Rt4 

4-017550 

SIGHA 

Rt4 

4-017534 

THAT 

142 

1-023522 

UHFSEP 

Rt4 

4-017504 

ARRAYS 

NAME 

TYPE 

ADDRESS 

SIZE 

DIMENSIONS 

DIST 

I«2 

4-017560 

003722 

1001 

(OtlOOO> 

FREQ 

R«4 

7-000000 

000310 

100 

<50) 

STIME 

Ltl 

4-023544 

000010 

4 

(8) 

UFLIST 

Rt4 

4-007640 

007640 

2000 

<  1000) 

VFLIST 

Rt4 

4-000000 

007640 

2000 

<  1000) 

LABELS 


LABEL 

ADDRESS 

LABEL 

ADDRESS 

1  ABEL 

ADDRESS 

LABEL 

ADDRESS 

10' 

3-000000 

IS' 

3-OOOOOA 

16 

X- 000200 

17' 

3' 000066 

21' 

3-000134 

22 

1-000322 

23' 

3-000216 

25 

1-000414 

27 

1-000442 

30 

1-000534 

31' 

3-000370 

35' 

3-000454 

43' 

3-000626 

47' 

3-000712 

49 

1-001034 

50' 

3-000752 

56' 

3-001100 

57' 

3-001140 

38' 

3-001166 

59' 

3-001214 

61  ' 

3-001244 

62' 

3-001270 

63' 

3-001312 

100 

1-001714 

112 

1-002032 

120 

1-002112 

125 

«* 

130' 

3-001334 

201' 

3-001344 

205 

1-002366 

210 

1-002430 

212 

1-002506 

220 

1-002340 

225 

1-002716 

240 

1-002770 

250 

1-003214 

280 

1-003360 

290 

«« 

292' 

3-001412 

320 

1-003562 

323' 

3-001324 

325' 

3-001606 

327' 

3-001674 

329' 

3-001766 

333' 

3-002142 

334' 

3-002254 

335' 

3-002354 

337' 

3-00243? 

LAPEL 

ADDRESS 

20 

1-000274 

341' 

3-002330 

330- 

3-002612 

26' 

3-000 506 

354' 

3-002770 

360' 

3-003074 

40 

3-000540 

363' 

3-003306 

378 

«« 

55' 

3- 001006 

383' 

3-003414 

510' 

3-002570 

60' 

3-001220 

343' 

3-002344 

333' 

3-002716 

110 

1-001774 

335' 

3-003032 

362' 

3-003212 

200 

1-002230 

370' 

3-003334 

380' 

3-003372 

216 

ft 

400 

•  t 

260 

1-003276 

345' 

3-002600 

322' 

3-001442 

356' 

3-002644 

33  J  ' 

3-002060 

373' 

3-003362 

IS'’ 

3-002512 

300' 

3-002360 

FUNCTIONS  AND  SUBROUTINES  REFERENCED 
CLOSt  OPEN*  PICK  TEST  TIME 

TOTAL  SPACE  ALLOCATED  «  0337 14  7454 


fortran  IV-PLUS  U02-51C  20117:36  03-DEC-83 

DOTHIS.FTN  /TRSBLOCKS/UR 

0001  subroutlnR  pleK<  llstfnH»ttfr»<»»»t»rt»endf  leM) 


c 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccecccccccccccc 

c 

c  PICK  -  callRd  bw  IMOD  ••In  MroNraa  -  rando»lv  aalacLa  fpanuan- 

c  claa  fro«  tha  Indlcatad  band  <UHF  or  VHF)»  obsarvlna  the 

c  ipaciflad  MlnlMun  apacina  batuaan  froaoanclPS> 

c 

c  EXTERNAL  ASSIGNMENTS! 

C  ssaiwasaasassasiasaawaafltassvwMCsassaxSKSBKSsaEaiKsssrrassssBBSsssss 

c  list  -  »rrav  of  frvouonci*^  <o»  road  from  one  of  the  filas) 

c  nlist  -  no*  of  fraooanctaa  in  •list* 

c  frao  -  arra^ri  containing  aat  of  fraoijancie*  In  ba  ta^lad  in 

c  this  itaration  of  main  prodram 

c  start  -  subscript  of  first  fraoancv  to  PicV 

c  and  -  subscript  of  last  fraouancv  to  pIcI* 

c  sap  *  minimum  fraouancv  saparation 

c  saadlf  saad2  -  random  numbar  function  saads 

c 

c  INTERNAL  ASSIGNMENTS 

Q  SBaaiawssBaasBBsaaaiBBaaiBBBBBBBsaBaBSSSBsaessBsssssatsssBssa 

c  tamp  arrav  contalnina  availabla  fraouencias 

c  nitam  -  numbar  of  fraouancias  in  •tamp* 

c  count  -  subscript  of  fraouancv  asslSnad  to  'frao* 

c  point  -  randomls^salactad  subscript  of  •tamp* 

c  tampct  -  numbar  of  fraouancias  still  availabla  after 

c  purSinS  "tamp* 

c 

ccccrccccccccccccccccccccccccceccccccccccccccccccccccccccccccccccccccccr 


0002 

0003 

0004 

c 

0005 

c 

0006  5 

0007 
0008 

0009  10 

0010 

0011  20 

0012 
0013 

c 

0014 

0015 

c 

0016  30 

0017 
0018 
0019 
0020 
0021 

0022  40 

0023 


r«sXt4  list!  1000)  i  ( 1000)  »f  r»«i(50)  «4»<» 
int«Ort2  nitVArnl  i«t  f  count  f  i 

inio8or92  •••dlt«««fl2 

coMon/soods/soodl « %9*d2 

nitoii«nl ist  f  no*  of  avallabie  fr«Q«« 

do  10  l«lfnli»iii  I  co^v  available  frecnjencies 

teiie(i)-llst<l) 

continue 

Count«itart  I  set  at  first  freouencs^  to  4et 

eoint«( ran< seedl »seed2 ) *<ni te«*l ) )tl  I  randoe  aubscriat 
f reci( count >«teee<eoirit>  t  asslen  raridoe  freouenc^ 

if  <f  reei(count)  *eo*0>4o  to  20  *  no  zero  freouencies 

do  30  i«l»nit#e  I  look  for  too-clo^e  frec»pricie«5 

if  ( ab«<  teee<  1 )  -  f  reo < count  >  ) .  1 1 .  see)  temai  i  )  =^0 

*  make  thee  unavailable 

continue 

teeect*0  ?  count  number  of  freoa*  left 

do  40  i«l»nitem  •  in  •tema*  after  above  looe 

if ( temm( i ). eo • 0>ea  to  40 

temect*teeect  H  ?  shrink  "temr'*  bv  droeeing 

te»e< temect)*teme( i )  •  unavailable  (zeroed)  fre«s. 

continue 

niteiii«temect  '  reset  available  free  count 


0024  countecouni-f  1  !  next  •freo*  subscript 

0025  If  (count. *t.*nd)r«iijrn  I  finished  asslsnlns  freos’ 

0026  If  ( ni  1*0. St . 0) do  to  20  •  out  of  f rsousticiesT 

0027  SO  writ*<l>Sl> 

0028  51  foratatl'  UHOOPS!  frsousneu  list  SKhsustsd!') 

0027  So  to  5 

0030  snd 


FORTRAN  IV-PLUS  002-510  20(17156  03-DEC-e3 

DOTHIS.FTN  /TR18L0CKS7UR 

PROGRAM  SECTIONS 


NUMBER 

NAME 

SIZE 

ATTRIBUTES 

1 

«COOE1 

00053* 

17* 

RU>1>C0N>LCL 

3 

ft DATA 

000100 

32 

RUtDtCONtLCL 

4 

SOARS 

007652 

2005 

RUfDtCONtlCL 

5 

♦TEMPS 

000002 

1 

RUfD.CONfLCL 

6 

SEEDS 

00000* 

2 

RUtDtOORrOBL 

ENTRY  POINTS 


NAME 

TYPE 

ADDRESS 

NAHE 

TYPE 

ADDRESS 

NAHE 

TYPE 

ADDRESS 

NAHE 

TYPE 

ADDRESS 

PICK 

1-000000 

UARIAPLES 

NAHE 

TYPE 

ADDRESS 

NAHE 

TYPE 

ADDRESS 

NAHE 

TYPE 

ADDRESS 

NAHE 

TYPE 

ADDRESS 

COUMT 

1*2 

4-007642 

END 

1*2 

F-000012* 

I 

1*2 

4-007650 

NITEM 

1*2 

4-007640 

POINT 

1*2 

4-007644 

SEEDl 

1*2 

6-000000 

SEED2 

1*2 

6-000002 

SFP 

R*4 

F-000014* 

TEMPCT 

1*2 

4-007646 

NAME 

TYPE 

r.DI'KESS 

NLIST 

1*2 

F-000004* 

START 

1*2 

F -OOOOlO* 

C-9 


ARRAYS 


NAME 

TYPE 

ADDRESS 

SIZE 

DIMENSIONS 

FREQ 

R«4 

F-000006* 

000310 

100 

<50> 

LIST 

R«4 

F-000002« 

007640 

2000 

(1000) 

TEMP 

R«4 

4-000000 

007640 

2000 

(1000) 

LABELS 

LABEL 

ADDRESS 

LABEL 

ADDRESS 

LABEL 

ADDRESS 

LABEL 

5 

1-000062 

10 

«« 

20 

1-000156 

30 

40 

1 -00003 » 

50 

«« 

51' 

3-000000 

FUNCTIONS  AND  SUBROUTINES  REFERENCED 
RAN 


TOTAL  SPACE  ALLOCATED  «  010S14  2214 


FORTRAN  IV-PLUS  U02-51C  20n8J09  OS-DEC-SS 

DOTHIS.FTN  /TRtBLOCKS/WR 

0001  «ubroutin«  t»«t 

c 

cccccccceccccccccccccccccccccccccccccccecccccccccccecccccccrccccecccccec 

c 

c  t«si  th«  hand«d‘'Off  lnt«riiodulailon  ^rodoci  ^ftainsi 

c  all  fraouanciaa  in  tha  li«t  *fr»o**  If  fall  within 

c  dalta  f  of  a  transaiiitar  franuancv*  than  acora  one  hit* 

c 

c  EXTERNAL  ASSIONHENTS: 

c  fraa  -  lift  of  f raouanclas  for  thl»  Itaration 

c  and  -  nuabar  of  f raouanclas  in  •frao* 

c  iaarod  -  IM  aroduct  fraouancu  to  ba  tasted 

c  daltaf  -  ain.  •lafa"  distanca  <HM*)  froa  transaittar  fraouancy 

c  hits  -  no*  of  occasions  that  •laarod*  was  within  'daltaf*  of 

c  a  fraouancw 

c  vflaa  -  trua  if  ona  of  tha  contributina  fraouanclas  was  a 

c  a  VORI  saacial  bandwidth  aaw  ba  raouirad* 

c 

c  fflas  -  trua  if  ona  of  tha  contributing  fraouanctas  was  an 

c  FH  broadcasti  saacial  bandwidth  nay  ba  ranuirad* 

c 
c 
c 

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccec 

c 


0002 

real <4  f  raci(50) »  iaarodvdaltaf  f  bw*barth 

0003 

intaaar«2  i f andfhits 

0004 

loaicalVl  vflaspfflas 

0005 

c 

coaaon/tastar/f  ra»»  iaa  rod* daltaf  *  fi*bw*ht  ts»and*  vf  1  ad*  f  f  laa 

0006 

c 

do  50  i»l *and 

0007 

barthaO 

*  reset  duard  band 

0008 

if  <  f  rao<  1)  .  It .  U8)barth»0*025 

*  this  freo.  a  VOR? 

0009 

if  <  f raa< i ) . la . 108  >bar thsfabw 

'  this  free  an  FM*^ 

0010 

if (berth. 1 t . dal taf )barth»dal taf 

*  choose  widest  band 

0011 

if ( iaarod. at . ( f rao< 1 ) Ibarthl >ao 

to  50 

0012 

if  (  inarod  .It.ifraad  ) -berth)  )Sq 

to  50 

0013 

hits=hltstl 

0014 

50 

continue 

0015 

return 

0016 

end 

AnDRE«?S 

«« 
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APPENDIX  D 


COMPUTER  MODEL  OUTPUT  DATA 


Appendix  D  contains  a  selected  set  of  data  resulting  from  the  use  of 
the  ccxnputer  model  as  described  in  Chapter  Two  and  listed  in  Appendix  C. 
Each  output  consists  of  two  sections,  the  first  indicating  the  input 
parameters  used  and  the  second  presenting  a  histogr2un  of  intermodulation 
problems.  The  number  of  hits  is  the  number  of  intermodulation  problems 
noted;  the  number  of  times  is  the  number  of  frequency  sets  which  had  the 
indicated  number  of  intermodulation  problems. 


RANDOM  FREQUENCY  INTERMODULATTON  STMULATION 


RANDOM  FREQUENCY  INTERMODULATION  SIMULATION 


ssaasssasssssaisaexasaMsasaa 


NUMBER  OF  ITERATIONS: 

RANDOM  VHF  FREQUENCIES: 
RANDOM  UHF  FREQUENCIES: 


DELTA  F  = 

UHF  SPACINO 
UHF  SPACING 


0.020  MHs 

1 .500  MHz 
1.500  MHz 


VHF  EMERGENCY  =  121.500  MHz  UHF  EMERGENCY  »  243.000  MHz 

UOR  FREQUENCY  =  114.500  MHz  FM  BROADCAST  *  0.000  MHz 

(forced  benduidth  25  kHz)  (forced  bendwidth  +/-  0  kHz) 

(Freouericy  of  zero  mearis  not  tested  for) 


INTERMODULATION  PRODUCTS  TESTED!  2f  -  f' 

2f  +  f' 
f  -  f' 
f  +  f' 
2f 
3f 


FREQUENCY  CONFLICTS! 

NUMBER  OF  POSSIBLE  CONFLICTS!  13050. 
MEAN  CONFLICTS  PER  TTERATION!  2.9 

STANDARD  DEVIATION!  2.0 


CONFLICT  DISTRIBUTION  FOLLOWS 


FREQUENCY  CONFLICT  DISTRIBUTION  -  HITS  v».  TIMES  (NUMBER  OF  ITERATIONS) 


(  6  VHFf  6  UHFf  delta  f  =  0.020»  100  iterations) 


NUMBER  NUMBER 
OF  HITS  OF  TIMES 


««««««« 


;-vv:¥v' 
r*.  • .  v'' 


F-mam' 


.  -  •  .  J 

•- .  • .  • .  •  /-ji 

-V. V.V/.  /J 

'  •  •  "J 


•-*  •.*  V*. 


.  V.*- 


>,v. 


.*•  .  -  .N-  .% 

*  •  A  '  «  • 

i*  ^ 

9  •  V" 


RANDOM  FREQUENCY  INTERHODULATION  SIMULATION 


NUMBER  OF  ITERATIONS:  100 


DELTA  F  =  0.020  MHz 


RANDOM  VHF  FREQUENCIES:  9 
RANDOM  UHF  FREQUENCIES:  9 


VHF  SPACING  »  1.500  MHz 

UHF  SPACING  -  1.500  MHz 


VHF  EMERGENCY  »  121.500  MHz 
VOR  FREQUENCY  »  114.500  MHz 
(forced  bandwidth  25  KHz) 

(Freouencw  of 


UHF  EMERGENCY  =  243.000  MHz 
FM  BROADCAST  =  0.000  MHz 

(forced  bandwidth  0  kHz) 

zero  means  not  te«ted  for) 


INTERHODULATION  PRODUCTS  TESTED:  7f  -  f' 

2f  +  f' 
f  -  f' 
f  +  f' 
2f 
3f 


■  Qsssssssaa 


■asassaaaasaasaasss 


FREQUENCY  CONFLICTS: 

NUMBER  OF  POSSIBLE  CONFLICTS:  3A162. 
MEAN  CONFLICTS  PER  ITERATION:  4.5 
STANDARD  DEVIATION:  2.7 


CONFLICT  DISTRIBUTION  FOLLOWS 


FREQUENCY  CONFLICT  DISTRIBUTION  -  HITS  vs.  TIMES  (NUMBER  OF  ITERATIONS) 
<  9  VHFf  9  UHFt  delta  f  =  0.020f  100  iterations) 


NUMBER  NUMBER 
OF  HITS  OF  TIMES 


0  !  0  ! 

1  !  0  I 

2  37  1 t************************************ 

3  4  !«*** 

S******************* 

««««« 

t************** 

*** 

««««««««« 


FREQUENCY  CONFLICTS? 

NUMBER  OF  POSSIBLE  CONFLICTS?  7727A, 
MEAN  CONFLICTS  PER  ITERATION?  A. 4 
STANDARU  DEUIATION?  3.6 


RANDOM  FREQUENCY  INTERMODULATION  SIMULATION 


NUMBER  OF  ITERATIONS? 

RANDOM  VHF  FREQUENCIES? 
RANDOM  UHF  FREQUENCIES? 


DELTA  F  = 

UHF  SF-ACINO 
UHF  SFACINO 


0.020  MHr 

1.500  MHz 
1.500  MHz 


UHF  EMERGENCY  =  121.500  MHz  UHF  EMERGENCY  »  243.000  MHz 

UOR  FREQUENCY  =•  0.000  MHz  FM  BROADCAST  »  102.300  MHz 

(forced  t>«ndwidth  25  kHz)  (forced  bnndwldth  +/-  50  kHz) 

(Freouency  of  zero  means  not  tested  for) 


INTERMODULATION  PRODUCTS  TESTFD?  :*f  -  f' 

2f  +  f' 
f  -  f' 
f  +  f' 
2f 
3f 


k 

FREQUENCY  CONFLICTS? 

I* 

NUMBER  OF  POSSIBLE 

CONFLICTS! 

p' 

MEAN  CONFLICTS  PER 

ITERATION? 

4 

STANDARD  DEUIATION? 

RANDOM  FREQUENCY  INTERMODULATION  STMULATION 


NUMBER  OF  ITERATIONS:  100 


DELTA  F  = 


0.020  MHz 


RANDOM  VHF  FREQUENCIES: 
RANDOM  UHF  FREQUENCIES: 


VHF  SPACING  =  I.SOO  MHz 
UHF  SPACING  =  1.500  MHz 


UMF  EMERGENCY  =  121.500  MHz 
UOR  FREQUENCY  =  114.500  MHz 
(forcerj  banrjwidt.h  25  kHz) 

< F racmency  of 


UHF  EMERGENCY  =  243.000  MUz 
FM  BROADCAST  =  102.300  MHz 

(forced  banduirilh  F/-  50 

zero  (neariB  not  t.PBted  for) 


INTERMODULATION  PRODUCTS  TESTED;  2f  -  f' 

2f  E  f 
f  -  f' 
f  +  f' 
2f 
3f 


FREQUENCY  CONFLICTS: 

NUMBER  OF  POSSIBLE  CONFLICTS."  3800. 
MEAN  CONFLICTS  PER  ITERATION!  2.2 
STANDARD  DEUIATIONI  O.A 


CONFLICT  DISTRIBUTION  FOLLOWS 


f  REOUENCY  CONFLICT  DISTRIBUTION  -  HITS  vs.  TIMES  INUMBER  OF  ITERATIONS') 
(  3  VHF.  3  UHFf  delta  f  =  0.020.  100  iterations) 

NUMBER  NUMBER 
OF  HITS  OF  TIMES 


RANDOM  FRFOUENCY  INTERMODOLATION  SIMULATION 

aisss3«sssassass»aas=aissssaas3Ssas3sax:9»aBSssss 


NUMBER  OF  ITERATIONS:  100 

RANDOM  VHF  FREQUENCIES:  6 

RANDOM  UHF  FREQUENCIES:  6 


DELTA  F  0.020  MHz 

VHF  SPACING  =  1.500  MHz 

UHF  SPACING  «  1.500  MHz 


UHF  EMERGENCY  =  121.500  MHz 
VOR  FREQUENCY  =  11  A. 500  MHz 
(forced  bandwidth  25  kHz) 

(Frequency  of 


UHF  EMERGENCY  =  243.000  MHz 
FM  BROADCAST  =  102.300  MHz 

(forced  bandwidth  +/-  50  kHz) 

zero  means  not  tested  for) 


INTERMODULATION  PRODUCTS  TESTED :  2f  -  f' 

2f  +  f' 
f  -  f' 
f  +  f' 
2f 
3f 


FREQUENCY  CONFLICTS: 

NUMBER  OF  POSSIBLE  CONFLICTS'.  15P72. 
MEAN  CONFLICTS  PER  ITERATION:  3.0 
STANDARD  DEVIATION:  1.9 


CONFLICT  DISTRIBUTION  FOLLOWS 


RANDOH  FREQUENCY  INTERMODULATION  SIMULATION 

sKSXsessssoaasasasiseasaasassssssaaasstaassBSssai 


NUMBER  OF  iterations:  100 


DELTA  F  => 


0.020  MHz 


RANDOM  UHF  FREQUENCIES:  9 
RANDOM  UHF  FREQUENCIES!  9 


VHF  SPACING  »  1.500  MHz 

UHF  SPACING  =  1.500  MHz 


VHF  EMERGENCY  =  121.500  MHz 
VQR  FREQUENCY  =  114.500  MHz 
(forced  bandwidth  25  kHz) 

(Freouencw  of 


UHF  EMERGENCY  =  243.000  MHz 
FM  BROADCAST  =  102.300  MHz 

(forced  bandwidth  +/-  50 

zero  means  not  tested  for) 


VHz) 


INTERMODULATION  PRODUCTS  TESTED!  2f  -  f ' 

2f  +  t' 
r  -  f' 
f  +  f' 
2f 
3f 


FREQUENCY  CONFLICTS! 

NUMBER  OF  POSSIBLF  CONFLICTS!  41A24. 
MEAN  CONFLICTS  PER  ITERATION!  5.0 
STANDARD  DEVIATION!  2.<» 


eaaaaaaaaaaa: 


aeaasaaasaaaaaaaaaaassaasRaaasaa 


CONFLICT  DISTRIBUTION  FOLLOWS 


RANDOM  FREQUENCY  INTERMOOULATION  SIMULATION 

aasssssaasssssasssssata  sassaasamsassjiKaassssa 


MUMPER  OF  iterations:  100 


DELTA  F 


0.020  MHz 


RANDOM  VHF  FREQUENCIES: 
RANDOM  UHF  FREQUENCIES: 


12 

12 


UHF  EMERGENCY  =  121.300  MHz 
VOR  FREQUENCY  =  114.500  MHz 
(forced  bandwidth  25  kHz) 


UHF  SPACING  =  1.000  MHz 

UHF  SPACING  =  1.500  MHz 


UHF  EMERGENCY  =  243.000  MHz 
FM  PROADCAST  =  102.300  MHz 

(forced  bandwidth  +/-  50  kHz) 


(Freouencw  of  zero  means  not  tested  for) 


TNTERMODULATION  PRODUCTS  TESTED!  2f  -  f' 

2f  +  f' 
f  -  f' 
f  +  f' 
2f 
3f 


FREQUENCY  CONFLICTS! 

MUMPER  OF  POSSIPLE  CONFLICTS!  A4240. 
MEAN  CONFLICTS  PER  ITERATION!  7.8 
STANDARD  DEUIATION!  4.3 


CONFLICT  DISTRIPUTION  FOLLOWS 


D-18 


FREQUENCY  CONFLICT  DISTRIBUTION  -  HITS  v«.  TIMES  (NUMBER  OF  IfERATIONS) 
(12  VHF.  12  UHFr  delta  f  =  0.020.  100  iterations) 


NUMBER  NUMBER 
OF  HITS  OF  TIMES 


FREOUENCY  CONFLICT  DISTRIBUTION  -  HITS  v«.  TIMES  <NUMBER  OF  ITERATIONS) 
<  A  VHF »  6  UHF *  delta  f  =  O.OlOf  100  iterations) 

NUMBER  NUMBER 
OF  HITS  OF  TIMES 


RANDOM  FREQUENCY  INTERMODULATION  SIMULATION 

sss9sss3asss3saas«sssB3aaBS3Sssasasaasas«3sss 


NUMBER  OF  ITERATIONS.*  tOO 


DELTA  F 


0.010  MHz 


RANDOM  VHF  FREQUENCIES:  9 
RANDOM  UHF  FREQUENCIES:  9 


UHF  SPACING  =  1 .500  MHz 

UHF  SPACING  =  1.500  MHz 


VHF  EMERGENCY  =  121.500  MHz 
VOR  FREQUENCY  =  114.500  MHz 
(forced  bandwidth  25  kHz) 

(Frequency  of 


UHF  EMERGENCY  »  243.000  MHz 
FM  (BROADCAST  =  0.000  Mil 

(forced  bandwidth  +/- 
zero  means  not  tested  for) 


INTERMODULATION  PRODUCTS  TESTED:  2f  -  f' 

2f  +  f' 
f  -  f' 
f  +  f' 
2f 
3f 


FREQUENCY  CONFLICTS: 

NUMBER  OF  POSSIBLE  CONFLICTS:  3A1A2. 
MEAN  CONFLICTS  PER  ITERATION:  3.9 

STANDARD  DEVIATION:  2.1 


CONFLICT  DISTRIBUTION  FOl  I  0W8 


FREQUENCY  CONFLICT  DISTRIBUTION  -  HITS  vs.  TIMES  (NUMBER  OF  ITERATIONS) 
(  9  UHF.  9  UHF.  delta  f  =  0.010.  100  iterations) 


NUMBER  NUMBER 
OF  HITS  OF  TIMES 


0 

0 

1 

0 

2 

32 

3 

11 

««««««««**« 

4 

36 

S*********************************** 

5 

3 

«»«»«««* 


«»***« 


O  N 


PREOUENCY  conflicts: 

NUMBER  OF  POSSIBLE  CONFLICTS:  77274. 
MEAN  CONFLICTS  PER  ITERATION:  6.6 

STANDARD  DEUIATION:  1.4 


CONFLICT  DISTRIBUTION  FOt LOWS 


FREQUENCY  CONFLICT  DISTRIBUTION  -  HITS  vs.  TIMES  (NUMBER  OF  ITERATIONS) 
<12  VHF,  12  tIHF,  delta  f  «  O.OlOt  100  iterations) 


NUMBER  NUMBER 
OF  HITS  OF  TIMES 


«*« 

««««»««««*«***«« 

4444C***** 

t***tt*t*t*****'*-t 

* 

ittUftlfttlftM** 

***** 

******** 


RANDOM  FREQUENCY  INTERMODULATtON  STMULATION 


NUMBER  OR  ITERAFIONS: 


1  00 


DELTA  F  = 


0.010  MHs 


RANDOM  OHF  FREQUENCIES: 
RANDOM  UHF  FREQUENCIES: 


VHF  SPACINP  = 
UHF  SR  AC  INC.  = 


1 .500  MH2 
1.500  MH: 


UHF  EMERGENCY  =  121.500  MHz  UHF  EMERGENCY  =  243.000  MHz 

VOR  FREQUENCY  =  0.000  MHz  FM  BROADCAST  =  102.300  MHz 

(forred  bandMidth  25  kHz >  < forced  bandwidth  +/-  SO  kHz) 

( Franuericw  of  z<?ro  means  not  tested  for) 


rNTERMODULATION  FRUDUC 15  TESTED: 


2f  -  f' 
2f  +  f' 
f  -  f' 
f  +  f- 
2f 
3f 


FREQUENCY  CONFLICTS: 

NUMBER  OF  PfJSSIBIF  CONFI  ICTS: 

MEAN  CONFLICTS  PER  ITERATION:  7.5 

STANDARD  DEUtAriON:  1.4 


13050. 


CONFLICT  DISTRIBUTION  FOM  OUS 


k  .  I 


■m 


FREQUENCY  CONFLICT  DIPTRIBU 1  TON  -  HITS  vs.  TIMES  (NUMBFR  OF  ITERATIONS) 


<  4  VHF.  6  UHF,  rjelts  f  =  O.OIO.  100  iterations) 


NUMBER 
OF  HITS 

0 

1 

T 

3 

4 
■i 
h 

8 

? 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


NUMBER 
OF  TIMES 

:3s  =  s:  — s=;  =  ' 
0 
0 

82 

4 

8 

0 

4 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


RANDOM  FREQUENCY  INTERMODULATION  SIMULATION 


NUMBER  OF  iterations; 

RANDOM  VHF  FREQUENCIFS: 
RANDOM  UHF  FREQUENCIES: 


DELTA  F  = 


O.OlO  MHz 


VHF  SPACING  =  1.500  MHz 

UHF  SPACING  =  1.500  MHz 


VHF  EMERGENCY  =  131.500  MHz  UHF  EMERGENCY  =  243.000  MHz 

UOR  FREQUENCY  =  0.000  MHz  FM  BROADCAST  a  103.300  MHz 

(forced  bandwidth  25  kHz)  (forced  bandwidth  +/-  50  kHz) 

(Frerauency  of  zero  moari*;  not  tested  for) 


•-VV'V'". 


»  V 


TNTERMODULAriON  PRODUCTS  TESTED)  3f  -  f' 


FREQUENCY  CONFLICTS) 

NUMBER  OF  POSSIBLE  CONFLICTS 
MEAN  CONFLICTS  PER  ITERATION 
STANDARD  DEVIATION) 


CONFLICT  DISTRIBUTION  FOIIOUS 


FREQUENCY  CONFLICT  DISTRIBUTION  -  HITS  vs.  TIMES  (NUMBER  OF  ITERATIONS) 
(  9  VHF>  9  UHF.  della  f  a  0.010»  100  iterations) 


NUMBER  NUMBER 
OF  HITS  OF  TIMES 


I  *»*♦***»*****»*****»**#****♦******* 
!  ********* 

;  *M**t***'*:*******1>if1ftt*'*t*** 

!**♦*♦* 

!  ♦*»*#*******« 

:  «* 

;  t* 

I  * 


1  f 

%•“  V  V 


RANDOM  FREQUENCY  INTERMODULATION  SIMULATION 


NUMBER  OF  ITERATIONS:  100 


DELTA  F 


0.010  MHz 


RANDOM  VHF  FREQUENCIES.*  .1 
RANDOM  UHF  FREQUENCIES*.  3 


VHF  SPACING  =  1.500  MHz 

UHF  SPACING  =  1.500  MHz 


VHF  EMERGENCY  =  121.500  MHz 
VOR  FREQUENCY  =  114.500  MHz 
(forceil  banduidth  25  kHz) 

(Freo»ijericv  of 


UHF  EMERGENCY  =  243.000  MHz 
FM  BROADCAST  =  102.300  MHz 

(forced  beridwidth  +/-  50  kHz) 

zero  meari>5  not  t.esled  for) 


INTERMODULATION  PRODUCTS  TFSTEDt  ?f  -  f' 

2f  k  f' 
f  -  f' 
f  +  f' 
2f 
3f 


FREQUENCY  CONFLICTS! 

NUMBER  OF  POSSIBLE  CONFLICTS:  3800. 
MEAN  CONFLICTS  PER  ITERATION!  2.2 
STANDARD  DEVIATION!  0.7 


CONFLICT  DISTRIBUTION  FOLLOWS 


FREQUENCY  CONFLICT  PISTRIBUTION  -  HITS  vs.  TIMES  (NUMBER  OF  ITERATIONS) 


i  •“»  •*".  *' 

.v.v.-'. 


RANDOM  FREQUENCY  INTERMODULATION  SIMULATION 

3asss=sss3;s3ssa9aaass3S9ssseasaBa«BSSSKS««ses 


NUMBER  OF  ITERATIONS:  100 


DELTA  F  - 


0.010  MH2 


RANDOM  VHF  FREQUENCIES*. 
RANDOM  UHF  FREQUENCIES: 


VHF  SPACING  =  1.500  MHs 

UHF  SPACING  =>  1.500  MHz 


UHF  EMERGENCY  =  121.500  MHz 
UOR  FREQUENCY  =  114.500  MHz 
(forced  bandwidth  25  kHz) 


UHF  EMERGENCY  =  243.000  MHz 
FM  BROADCAST  =  102.300  MHz 

(forced  bandwidth  +/-  50  kHz) 


(Freouency  of  zero  means  not  tested  for) 


FREQUENCY  CONFLICTS.* 

NUMBER  OF  POSSIBLE  CONFLICTS: 
MEAN  CONFLICTS  PER  ITERATION: 
STANDARD  DEVIATION: 


15872. 

3.1 

1.8 


assasas 


conflict  prSTRIBOTION  FOLLOWS 


N  k'-  N  • 


r 


■  ■  j»  « 


.■C. 


.  :*  •  * ' 


^  .  y.>:j 


2f  -  f' 

5;?:; 

2f  +  f' 

f  -  f' 
f  +  f' 

2f 

3f 

s\*- 


,y-  y  .A 


t-mJ 


FREQUENCY  CONFLICT  DISTRIBUTION  -  HITS  v-i.  TIMES  (NUMBER  OF  ITERATIONS) 


(  6  UHF.  6  UHF.  delta  f  »  0.010»  100  iterations) 


NUMBER  NUMBER 
OF  HITS  OF  TIMES 


Wi 

•V.VAv.j 


RANDOM  FREQUENCY  INTERMODULATION  SIMULATION 


BSSsaasBVBMsastaKs 


NUMDER  OF  ITERATIONS! 


DELTA  F 


0.010  MHz 


RANDOM  VHF  FREQUENCIES! 
RANDOM  UHF  FREQUENCIES! 


VHF  SFACINO  »  1.500  MHz 

UHF  SFACINO  =  1.500  MHz 


VHF  EMERGENCY  =  121.500  MHz  UHF  EMERGENCY  =  243.000  MHz 

VOR  FREQUENCY  =  114.500  MHz  FM  BROADCAST  •>  107.300  MHz 

(forced  bandwidth  25  kHz)  (forced  bandwidth  +/-  50  kHz) 

(Freauencw  of  zero  means  not  tested  for) 


INTERMODULATION  PRODUCTS  TFSTF.D!  ?f  -  f' 

2f  +  f' 
f  -  f' 
f  +  f' 
2f 
3f 


FREQUENCY  CONFLICTS! 

NUMBER  OF  POSSIBLE 

CONFLICTS 

mP 

MEAN  CONFLICTS  PER 

ITERATION 

STANDARD  DEVIATION! 

t  ::  v 

CONFLICT  PISTRIPOTION  FOLLOWS 

FREOUENCY  CONFLICT  IttSTRIPUTlON  -  HITS  vs.  TIMES  (NUMBER  OF  ITERATIONS) 
(12  VHFf  12  IIHF.  f  =  0.010.  100  iisratiorKi) 


NUMBER  NUMBER 
OF  HITS  OF  TIMES 


FREQUENCY  CONFLICTS: 

NUMBER  OF  POSSIBLE  CONFLICTS!  1920. 
MEAN  CONFLICTS  PER  ITERATION!  2.0 
STANDARD  DEVIATION!  0.2 


CONFLICT  DISTRIBUTION  FOLLOWS 

FREQUENCY  CONFLICT  DISTRIBUTION  -  HITS  vs.  TIMES  (NUMBER  OF  ITERATIONS) 
(  3  UHF.  3  UHF*  delta  f  »  0.020.  100  iterations) 

NUMBER  NUMBER 
OF  HITS  OF  TIMES 


RANDOM  FREQUENCY  INTERMODULATION  SIMULATION 


NUMBER  OF  ITERATIONS!  100 

RANDOM  VHF  FREQUENCIES!  « 
RANDOM  UHF  FREQUENCIES!  6 


UHF  EMERGENCY  »  121.500  MH= 

VOR  FREQUENCY  =  0.000  MH2 

(forced  bandwidth  25  I1.H2 ) 

(Freoijencw  of 


INTERMODULATION  PRODUCTS  TESTED! 


FREQUENCY  CONFLICTS! 

NUMBER  OF  POSSIBLE  CONFLICTS 
MEAN  CONFLICTS  PER  ITERATION 
STANDARD  DEVIATION! 


DELTA  F  =  0.020  MHz 

VHF  SPACING  =  1.500  MHz 

UHF  SPACING  =  1.500  MHz 


UHF  EMERGENCY  =  243.000  MHz 
FM  BROADCAST  =  0.000  MHz 

(forced  bandwidth  75  kHz) 
zero  means  not  tested  for) 


2f  -  f' 
2f  +  f' 
f  -  f' 
f  +  f' 
2f 
3f 


10584. 

2.4 

1.2 


CONFLICT  PISTRIBUriON  FOLLOWS 

FREQUENCY  CONFLICT  DISTRIBUTION  -  HITS  vs.  TIMES  (NUMDER  OF  ITERATIONS) 
(  4  VHFf  6  UHFf  delta  f  =  0.020f  100  iterations) 

NUMBER  NUMBER 
OF  HITS  OF  TIMES 


RANDOM  FREQUENCY  TNI ERHOOULATION  SIMULATION 


NUMPER  OF  iterations:  100 

RANDOM  OHF  FREOUENCIES :  1? 

RANDOM  UHF  FREQUENCIES:  12 


DELTA  F  = 


0.020  MHz 


UHF  SPACING  =  1.000  MHz 

UHF  SPACING  =  1.500  MHz 


VHF  EMERGENCY  =  121.500  MHz  UHF  EMERGENCY  a  243.000  MHz 

OOR  FREQUENCY  =  0.000  MHz  FM  BROADCAST  =  0.000  MHz 

(forced  benduidth  23  kHz)  (forced  bandwidth  75  kHz) 

(FreeijencM  of  zero  means  not  tested  for) 


INTERMODULATION  PRODUCTS  TESTED:  2f  -  f' 

2f  +  f' 
f  -  f' 
f  +  f' 
2f 
3f 


frequency  conflicts: 

NUMBER  OF  POSSIBLE  CONFLICTS:  60952. 
MEAN  CONFLICTS  PER  ITERATION:  5.5 
STANDARD  DEVIATION:  3.3 


CONFLICT  DISTRIBUTION  FOLLOWS 


FREQUENCY  CONFLICT  DISTRIBUTION  -  HITS  vs.  TIMES  (NUMBER  OF  ITFRATIONS) 


(12  VHF.  12  UHF.  delta  f  =  0.020.  TOO  iterations) 


NUMBER  NUMBER 
OF  HITS  OF  TIMES 


I  t**t*t*****1t1t1i*1:1i'***1t*iH* 
!  f*** 

;  iii*******titttt**n'*Kt***** 
!  **** 

:  i(»**#t#«**»»*** 

!  **»t* 

!  tttt******* 


RANDOM  FREQUENCY  INTERMODULATION  SIMULATION 


NUMBER  OF  ITERATIONS:  100 

RANDOM  VHF  FREQUENCIES:  3 

RANDOM  UHF  FREQUENCIES:  3 

UHF  EMERGENCY  =  121.500  MHs 
UOR  FREQUENCY  =  0.000  MHz 

( forced  banduidlh  25  kHz) 

(Freoijencw  of 


DELTA  F  »  0.010  MHz 

VHF  SFACINO  «  1.500  MHz 

UHF  SPACING  »  1.500  MHz 


UHF  EMERGENCY  =  243.000  MHz 
FM  BROADCAST  =  0.000  MHz 

(forced  bandwidth  75  kHz) 
zero  meana  not  tested  for) 


INTERMODULATION  PRODUCTS  TESTED:  2f  -  f' 

2f  +  f' 
f  -  f' 
f  +  f' 
2f 
3f 


FREQUENCY  CONFLICTS: 

NUMBER  OF  POSSIBLE  CONFLICTS:  1920. 
MEAN  CONFLICTS  PER  ITERATION:  2.2 
STANDARD  DEVIATION*.  0.9 


CONFLICT  DISTRIBUTION  FOLLOWS 

FREQUENCY  CONFLICT  DISTRIBUTION  -  HITS  vs.  TIMES  (NUMBER  OF  ITERATIONS) 
(  3  VHF.  3  UHF.  delta  f  =  0.010.  100  iterations) 

NUMBER  NUMBER 
OF  HITS  OF  TIMES 


0  !  0 

1  1  0 


*»***»*»* 


RANDOM  FREQUENCY  INTERHODULATION  SIMULATION 


NUMBER  OF  ITERATIONS:  100 

RANDOM  UHF  FREQUENCIES:  6 

RANDOM  UHF  FREQUENCIES:  6 


DELTA  F  -  O.OSO  MHz 

VHF  SPACING  -  1.500  MHz 

UHF  SPACING  =  1.500  MHz 


UHF  EMERGENCY  -  121.500  MHz 
VOR  FREQUENCY  =  114.500  MHz 
(forced  bandwidth  25  kHz) 

(Freouencw 


UHF  EMERGENCY  »  243.000 
FM  BROADCAST  -  102.300 

(forced  bandwidth  +/- 
zero  neans  not  tested  for) 


MHz 

MHz 

25  kHz) 


INTERMODULATION  PRODUCTS  TESTED.*  2f  -  f' 

2f  +  f' 
f  -  f' 
f  +  f' 
2f 
3f 


FREQUENCY  CONFLICTS: 

NUMBER  OF  POSSIBLE  CONFLICTS:  15872. 
MEAN  CONFLICTS  PER  ITERATION:  4.4 
STANDARD  DEVIATION:  2.5 


ss3S9  3=sas9;aa3si3sa«a::«iasss:9as«asaiMsesasa99sass99isaeasBaB««sB9BB9saaaiS9iftaa9ss 


CONFLICT  DISTRIBUTION  FOLLOWS 


FREQUENCY  CONFLICT  DISTRIBUTION  -  HITS  vs.  TINES  (NUMBER  OF  ITERATIONS) 


(  6  VHF »  6  UHF »  delta  f  =  0.050?  100  iterations) 


NUMBER 
OF  HITS 

SSSSSSSSt 

0 

1 

2 

3 

4 

5 

6 

7 

8 
9 


NUMBER 
OF  TIMES 

0  i 
0  ! 

32  !  **t*t*t***t**tit***********%*»*t* 

9  t ********* 

22  !*«««««««««««««*«««*««« 

8  i ******** 

11  ;«««*««*«**« 

2  ',** 

11 

2  !*« 


RANDOM  FREQUENCY  INTERHODULATION  SIMULATION 


NUMBER  OF 


rations: 


RANDOM  UHF  FREQUENCIES: 
RANDOM  UHF  FREQUENCIES: 


100 

3 

3 


DELTA  F  = 

UHF  SR AC I NO 
UHF  SPACING 


0.050  MHz 

1.500  MHz 
1.500  MHz 


UHF  EMERGENCY  =  121.500  MHz 
VOR  FREQUENCY  »  114.500  MHz 
(forced  bandwidth  25  kHz) 


UHF  EMERGENCY  »  243.000  MHz 
FM  BROADCAST  >  102.300  MHz 

(forced  bandwidth  +/-  25  kHi 


(Freouencw  of  zero  eeans  not  tested  for) 


INTERMODULATION  PRODUCTS  TESTED: 


2f  -  f' 
2f  ♦  f' 
f  -  f' 
f  +  f' 
2f 
3f 


FREQUENCY  CONFLICTS: 

NUMBER  OF  POSSIBLE  CONFLICTS:  3800. 
MEAN  CONFLICTS  PER  ITERATION:  2.6 
STANDARD  DEVIATION:  1.3 


RANDOM  FREQUENCY  INTERMODULATIQN  SIMULATION 


NUMBER 

OF 

ITERATIONS! 

100 

DELTA  F  » 

0.100 

MHz 

RANDOM 

VHF 

FREQUENCIES! 

9 

VHF  SPACING  - 

1.500 

MHz 

RANDOM 

UHF 

FREQUENCIES! 

9 

UHF  SPACING  - 

1.500 

MHz 

VHF  EMERGENCY  =  121.S00  MHa 
VOR  FREQUENCY  »  114.500  MH* 
(forced  bandwidth  25  kHz) 

(Freouencw 


UHF  EMERGENCY  •>  243.000 
FM  BROADCAST  >  102.300 

(forced  bandwidth  +/- 
zero  wean*  not  tested  for) 


MHz 

MHz 

25  kHz) 


INTERMODULATION  PRODUCTS  TESTED!  2f  -  f' 

2f  +  f' 
f  -  f' 
f  +  f' 
2f 
3f 


FREQUENCY  CONFLICTS! 

NUMBER  OF  POSSIBLE  CONFLICTS!  41<&24. 
MEAN  CONFLICTS  PER  ITERATION!  18.1 
STANDARD  DEVIATION!  5.9 


3asesxst9B«a»s«aB8ia9iaaissax8essa:ai9a;aisa»aaaiaBa3:sssa3satasa:a:aia9ats«ss3i*B«*K9SB«s«8sa« 


CONFLICT  DISTRIBUTION  FOLLOWS 


RANDOM  FREQUENCY  INTERHQDULATION  SIMULATION 


NUMBER  OF  ITERATIONS: 


100 


DELTA  F 


0.100  MHz 


RANDOM  VHF  FREQUENCIES! 
RANDOM  UHF  FREQUENCIES! 


VHF  SRACINO 
UHF  SRACINO 


1.500  MHz 

1.500  MHz 


VHF  EMERGENCY  »  121.500  MHz 
VOR  FREQUENCY  =  114.500  MHz 
(forced  bandwidth  25  kHz) 


UHF  EMERGENCY  -  243.000  MHz 
FM  BROADCAST  -  102.300  MHz 

Ifopcad  bandwidth  +/-  25  kHz) 


(Freauencw  of  zaro  naans  not  tastad  for) 


INTERMODULATION  PRODUCTS  TESTED! 


2f  -  f' 
2f  +  f' 
f  -  f' 
f  +  f' 
2f 
3f 


FREQUENCY  CONFLICTS! 

NUMBER  OF  POSSIBLE  CONFLICTS!  15872. 
MEAN  CONFLICTS  PER  ITERATION!  8.0 
STANDARD  DEVIATION!  4.4 


.  I  -v; 


•\rv 


RANDOH  FR^QUFNCY  TNTERHODULATION  SIHULATION 

ss«saiaisssss«s«asa«asssBSBasKsas«asK««a(aas«Kv 


.  V. 


NUMBER  OF  ITERATIONS?  10000 

RANDOH  VHF  FREQUENCIES:  12 
RANDOH  UHF  FREQUENCIES:  12 


DELTA  F  » 

VHF  SPACING  =« 
UHF  SPACING  » 


0.100  HHz 

1.000  HHz 
1.500  MHz 


VHF  EMERGENCY  =  121.500  MHz  UHF  EMERGENCY  *  243.000  MHz 

VOR  FREQUENCY  s  0.000  HHz  FH  BROADCAST  >  0.000  MHz 

(forced  bandwidth  25  l«.Hz)  (forced  bandwidth  +/-  0  MHz) 

(Freouencw  of  zero  means  not  tested  for) 


INTERMODULATION  PRODUCTS  TESTED! 


2f  -  f' 

2f  >  t' 
f  -  f' 
f  f 
2f 
3f 


